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INTRODUCTION 
The demand for beef in the United States is strong and is predicted to 
remain strong. USDA economists predict a demand in 1980 for one-third more 
beef than was produced in 1970. Many economists as well as cattle industry 
personnel predict that the Corn Belt will be the scene of the biggest 
growth in calf production. There are several reasons for this, but the 
main one is an enormous feed supply. 
In 1971, Iowa farmers harvested 4.7 million hectares of corn and sor­
ghum for grain. This grain provides the main feed source which allows 
Iowa to remain second only to Texas in total cattle slaughtered (USDA, 
1973). Iowa also had approximately 2.0 million beef cows as of January 1, 
1972 (USDA, 1972). These beef cows do not require high energy feedstuffs 
and,thus, could be maintained on row-crop residues during most winter 
months in Iowa. 
Grain sorghum stover appears very promising as a low-cost, low-energy 
feed for maintenance of beef cows. The plant is a perennial which acts as 
an annual under Iowa conditions. Following grain harvest, green and suc­
culent forage remains standing in the field. Previous research (Martin 
and Wedin, 1974a) indicates that grain sorghum stover analyzes sufficient­
ly high in digestible dry matter and crude protein to maintain pregnant 
beef cows between October and January. 
In central Iowa, sorghum grain seldom reaches moisture levels low 
(14.0%) enough for storage before frost. If grain harvest is delayed un­
til after frost, the risk of losing grain due to lodging is substantially 
increased. Hence, farmers growing sorghum for grain must be prepared to 
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dry the grain and, thus, harvesting before frost. Becent developments 
indicate sorghum grain may be stored in a high-moisture conditions with 
the use of propionic acid as a preservative (Nelson et al., 1973). 
The present studies were initiated: 
1. to evaluate dry matter (DM) yield and percent in vitro 
dry matter digestibility (IVDMD) of grain sorghum sto­
ver as influenced by 
a. harvesting grain at different stages and, 
b. applying nitrogen at these stages; 
2. to investigate changes in percent IVDMD of stover com­
ponents at pre- and post-frost grain harvest by analy­
sis of structural carbohydrates and Kjeldahl-N; and 
3. to evaluate three methods of drying on percent IVDMD 
of grain sorghum stover and stover silage. 
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REVIEW OF LITERATURE 
Grain Sorghum Growth and Development 
Grain sorghum (Sorghum bicolor (L.) Moench) is a member of the grass 
family and is closely related to forage sorghum, broomcorn, sudangrass, 
johnsongrass, and sorghum almum (Ross and Webster, 1970). These authors 
also indicated that pasturing cattle or sheep on combined sorghum stubble 
is a common practice throughout the Plains states. 
The growth and development of grain sorghum is well-described by 
Vanderlip and Reeves (1972).^ 
Growth 
Stage 
1 
2 
3 
4 
5 
7 
8 
9 
Approximate 
Days After 
Emergence 
0 
10 
20 
30 
40 
50 
60 
70 
85 
95 
Identifying Characteristic 
Emergence. Coleoptile visible 
at soil surface. 
Collar of 3rd leaf visible. 
Collar of 5th leaf visible. 
Growing point differentiation. 
Approximately 8-leaf stage by 
previous criteria. 
Final leaf visible in whorl. 
Boot. Head extended into flag 
leaf sheath. 
Half-bloom. Half of plants at 
some stage of bloom. 
Soft dough. 
Hard dough. 
Physiological maturity. Maxi­
mum dry matter accumulation. 
^ Approximate days required for hybrids of RS610 maturity grown at 
Manhattan, Kansas. 
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Dry matter accumulation of all plant parts was also described by 
Vanderlip (1972). The first 30 to 35 days after the plant emerges, nearly 
all growth is leaves. The stalk then starts rapid growth (stage 4), and 
leaves and stalks continue until maximum leaf weight is reached at about 
65 days. After about 50 days (stage 5), the head increases in weight rap­
idly. Following pollination (stage 6), the grain increases in weight rap­
idly, sometimes faster than the rate at which DM accumulates. This re­
sults in a net decrease in the stalk weight (stage 7) as materials are 
moved from the stalk to the head. 
Effects of Grain Harvest Time 
A defoliation experiment (Goldsworthy, 1970) indicated that sources 
of assimilate for grain development differ between tall and short sorghum. 
Laminae contributed more than 80% of the dry weight formed after heading 
in the tall sorghum (Nigerian sorghum) but less than half of this went in­
to the grain. The remainder went into the stems to replace respiratory 
losses or accumulated in the rachis and branches of the head. However, in 
the short-season hybrid, over 70% of the DM formed after heading was 
stored in the grain. Only half of this came from the laminae; assimila­
tion in the head and sheaths contributed equally to the remainder. 
A Kansas study with a mid-season grain sorghum variety indicated that 
DM accumulation in the total plant, as measured between boot and physio­
logic maturity, was a function of leaf area remaining after defoliation 
treatments (Pauli and Stickler, 1961). As little as one-third of the to­
tal plant leaf area was needed to increase total sugar production in the 
plant between defoliation at the boot stage and grain maturity, whereas 
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one-half of the leaf area was required to demonstrate similar increases 
between defoliation at anthesis and grain maturity. These data indicate 
the importance of leaves in manufacturing assimilate which is used in other 
plant parts as previously described. 
Vanderlip (1972) stated that to maximize yield of silage or high-
moisture grain, harvests should be as near physiologic maturity as possi­
ble. He further mentioned that physiologic maturity of the grain usually 
occurs between 25 and 35% moisture. Harvesting grain sorghum at 26% grain 
moisture yielded 8.4% more total grain and 7.4% more stover than harvest­
ing at 14% grain moisture (Windscheffel, Vanderlip, and Casady, 1973). 
Broadhead (1973) reported that stalks of sweet sorghum deheaded at the boot 
and flowering stages of maturity contained significantly higher (P< 0.01) 
total solids, sucrose, and starch than stalks of normal plants. However, 
deheading did not significantly influence stalk yield. 
Martin and Wedin (1974a) reported that DM yield of grain sorghum sto­
ver increased significantly (P<0.01) between grain harvest and killing 
frost, while losing no more than 30% of the DM by early December. Similar 
results were indicated by Webster and Davis (1956). They reported losses 
of 30 to 50% DM, depending upon the weather and upon the length of time 
the stover was allowed to stand in the field. 
Effects of Row Spacing 
Bowers, Hanks, and Stickler (1963) concluded that under cropping con­
ditions suitable for grain sorghum total net radiation is only slightly 
influenced by row spacings. These authors further asserted that the divi­
sion of this energy between crop and soil appears to be strongly dependent 
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on plant population, or plant spacing within a row rather than between 
rows. 
Robinson et al. (1964) reported linear increases in grain yield of 
grain sorghum grown in Minnesota when row spacing was decreased from 40 to 
10 inches. Using grain yield as a sole indicator, Ohio workers (Niehaus 
and Schmidt, 1970) concluded that a 7-inch row spacing was better than 
14-, 21-, or 28-inch row spacings. However, they pointed out that with 
7-inch row spacing it is difficult to achieve seeding rates desired. Fur­
ther, weed control difficulties could result if herbicides were not used 
or if they fail to control weeds. 
The majority of grain sorghum produced in the United States is grown 
for its grain crop. When the grain crop is removed, 50% of the total plant 
DM remains as grain sorghum stover (Johnson, DeFaria, and McClure, 1971; 
Vanderlip, 1972). Of interest is whether or not one can optimize grain 
sorghum stover yield and grain yield at the same time. 
Effects of Plant Population 
In dry years, Brown and Shrader (1959) reported that low plant popu­
lation (30,000 plants/A) in a wide-row spacing (40-inch) produced lower 
grain sorghum forage yields and greater grain yields. As a matter of fact, 
they demonstrated that in some cases maximum forage production prevented 
grain production. A 4-lb seeding rate and 20-inch rows produced more 
stover than a 2-lb seeding rate and 40-inch rows (Bond, Army, and Lehmanr 
1964). These authors further stated that at lower moisture levels the 
high seeding rate and narrow row spacing tended to increase stover yields 
as well as to decrease grain yields and, hence, increasing the stoverigrain 
7 
ratio. Similar resuis were reported by Porter, Jensen, and Sletten 
(1960). They indicated that the average forage yields at a 40-inch row 
spacing were significantly (P<0.05) less than those at the narrower 
(20-inch) row spacing. They further indicated that planting rates had 
little influence on the grain yield but the heavier planting rates produced 
higher forage yields. Increasing the plant population from 128,500 to 
257,000 plants/ha produced a 4.7% increase in stover DM yields and a 5.2% 
drop in grain yield (Martin and Wedin, 1974a). Hence, these authors con­
cluded that increasing plant population above 128,500 plants/ha could not 
be justified. 
Effects of Nitrogen Fertilization 
Grain sorghum stover yields may be increased by N applications as well 
as by narrowing the row spacing. Burleson, Cowley, and Otey (1956) re­
ported significant (P<0.01) increases in forage dry matter yield from 
1.69 to 3.50 tons/A from applications of 0 and 120 lb/A of N, respectively. 
Similarly, fodder yields of grain sorghum grown in India were increased 
36.5% from an application of 80 kg/ha of N (Singh and Chouby, 1972). 
Mannikar, Gill, and Abichandani (1971) noted that an application of 
simazine (100 g of active ingredient/ha) increased fodder DM yields 60.6% 
above those of the control plots. 
Several workers (Boyd et al., 1938; Patel and Wright, 1958; Harris and 
Tucker, 1973) have pointed out the effect of environment, N, and phosphorus 
(P) fertilization on prussic acid content of Sudangrass. However, these 
variables will not be reviewed in detail. 
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Composition of Stover 
Crude protein 
Bird-resistant sorghum declined in percent protein with increasing 
maturity (Johnson et al., 1971). These authors reported that both whole 
plants and stalks decreased in percent crude protein between milk-stage 
and post-frost harvests. However, percent crude protein increased signif­
icantly (P<0.01) in grain sorghum stalks and stover between grain harvest 
and late December (Martin and Wedin, 1974a). 
Crude protein in grain sorghum stover increased significantly 
(P<0.01) from 80 to 337 lb/A from applications of 0 and 120 lb/A of N, 
respectively (Burleson et al., 1956). These authors further estimated 
that apparent N recovery was 83.2 and 89.6%, respectively, when 60 and 
120 lb/A of N were applied. 
Nitrate content 
A large application of N (337 kg/ha) to corn at 14 days after tassel 
initiation markedly increased the nitrate concentration of the stalks at 
14 days following application (Deckard, Lambert, and Hageman, 1973). This 
same application of N reflected a marked increase in nitrate concentration 
in the leaf blade as compared to the control when considered between 
33 and 54 days after application. However, no genotype studied demon­
strated the ability to achieve and maintain a concentration of nitrate in 
the leaf blade that would support and maintain a high level of nitrate 
reductase activity during the latter stages of ear development. Although 
data are limited, it appears that large applications of N to corn and 
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possibly sorghum may enhance the N content of the leaves and stalks at 
some time after application. 
Digestibility estimates 
Data pertaining to the IVDMD in grain sorghum stover are not volumi­
nous in the literature. Burns et al. (1970) reported that mature forage 
sorghum (157 days of age), sampled three times after frost, averaged 
52.9% IVDÏID. More recently, Iowa research indicates that grain sorghum 
stover IVDMD remained relatively constant between grain harvest and killing 
frost (57.1 to 56.4%) and dropped to a low (50.9%) in late November (Martin 
and Wedin, 1974a). These authors also reported that stalk IVDMD increased 
significantly (P<0.01) between grain harvest and killing frost while leaf 
IVDMD steadily declined after grain harvest. 
In their study, Martin and Wedin (1974a) concluded that grain sorghum 
stover analyzed satisfactorily in percent crude protein and percent IVDMD 
for use in maintenance rations of pregnant beef cows during October, Novem­
ber, and December in Iowa. 
Prussic acid potential 
In grazing grain sorghum stover, one must consider the prussic acid 
potential in species of the Sorghum genera. In considering the signifi­
cance of prussic acid content of forage, an estimate of consumption per 
unit of grazing time must be chosen. This is necessary since consumption 
of toxic forage results in death of the animal in a short period of time. 
Burns and Wedin (1964) stated that a safe level of forage intake for an 
animal per unit time cannot be based on DM requirements since no sound 
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relationship exists between prussic acid content and percent DM of forage 
consumed. Thus, these authors concluded that if 7 pounds of fresh forage 
per 1,000 pounds of body weight were consumed in the first 10 to 20 minutes 
of grazing, a "lethal zone" of prussic acid content (mg of HCN/100 g of 
fresh forage) can be estimated to range from 15 to 18 mg. Burns and Wedin 
(1964) concluded that stalks and leaves of stockpiled forage sorghum uti­
lized after a killing frost presented little danger of prussic acid poi­
soning. Hence, it is reasoned that grain sorghum stover should be safe 
from prussic acid poisoning if utilized after a killing frost when leaf 
growth has ceased and, of course, if basal tiller growth has ceased. 
Analysis of Compositional Changes 
Primary sources of variation in the nutritive values of forages are 
variations in chemical composition. The efforts of agronomists and animal 
scientists have been aimed at elucidating these variations in plant mate­
rial. In this context, green sorghum stover has received little attention. 
Dry forages 
Van Soest (1968) pointed out that chemical composition of forages 
determines their availability to animals that consume them and that com­
position, along with physical characteristics, must be in part responsible 
for palatability and consumption. The Weende system of analysis has been 
generally used for all of the foregoing objectives in all nutrition in­
cluding human, non-ruminant, and ruminant (Van Soest, 1967). However, this 
system has come under criticism, particularly due to the method of ana­
lyzing crude fiber (CF) and calculation of N-free extract (NFE). Of the 
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feedstuffs listed in Morrison's tables, 10% of all the concentrates, 
28% of all silages, 20% of succulent feeds and 30% of dry feeds have CF 
digestibilities equal to or greater than the NFE, which under this system, 
contains all the available carbohydrates (Crampton and Maynard, 1938). 
Hence, Van Soest (1967) proposed a scheme of chemical analyses in 
which forage DM can be divided into two fractions on the basis of nutri­
tional availability. The first fraction corresponds to the contents and 
is composed of lipids, soluble carbohydrates, most of the protein, and 
other water-soluble matter (Van Soest, 1967). This fraction is essentially 
available, but its digestibility appears incomplete because of the excre­
tion of fecal, non-cell-wall matter which is principally of endogenous and 
of bacterial origin. 
The second fraction corresponds to the plant cell wall, the avail­
ability of which is controlled by structural features that link cellulose, 
hemicellulose, and lignin together. Van Soest (1967) further pointed out 
that of the cell-wall constituents (CWC), hemicellulose is a large and 
variable fraction which prevents CF, cellulose, or lignin from 
being a good estimator of the contents of the plant cell wall. The plant 
cell wall corresponds to what can be nutritionally defined as a total fiber 
fraction. However, the nutritional availability of the cell-wall fraction 
is not uniform among forages. 
The cell wall is the most important component of feeds of plant origin 
(Van Soest, 1971). Van Soest further emphasized that the plant cell wall 
has been related to net energy and the efficiency ratio (net energy/total 
digestible nutrients). An important relationship with voluntary intake 
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also exists; however, the plant cell wall is not well related to digest­
ibility because its own digestibility is so variable. Rumen organisms will 
be affected by all of the limiting factors known and unknown in cell-wall 
digestion (Van Soest, 1973). Consequently, Van Soest concluded that in 
vitro systems which measure DM digestibility, particularly, the procedure 
of Tilley and Terry (1963), yield more accurate estimates of digestibility 
than do chemical methods. 
Silica has been reported to accumulate in the sub-epidermal layers of 
sorghum plant parts (Lanning, Ponnaiya, and Crumpton, 1958; Stewart, 1965). 
Silica found in various plants has been identified as opal (SiO^'nH^O) 
(Lanning et al., 1958;Jones, Milne, and Wadham, 1963). Jones and Handreck 
(1965) demonstrated that the uptake of silica by oats can be simply ex­
plained in terms of concentration of silica in the soil and the amount of 
water transpired. In reviewing literature, Blackman (1969) reported that 
silica deposition could be described as a precipitation of silicic acid. 
This silicic acid begins as a hydrogel with a jelly-like appearance which 
initially contains some water. Then through the loss of water the hydrogel 
becomes a harder, compacted mass. 
Jones et al. (1963) further stated that their data suggest silica was 
deposited in association with the plant cell wall. Silica which is ab­
sorbed and metabolized by forage grasses has been found to be an important 
factor in the reduction in digestibility of CWC (Van Soest and Jones, 
1968). Tessema (1972) reported that percent silica in tropical grasses did 
not change uniformly with age and silica and lignin concentration were not 
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always closely associated. Tessema concluded only that the effect of 
silica on dry matter digestibility was species-oriented. 
Bird-resistant sorghum stalks and leaves increased in cellulose, CWC, 
acid-detergent fiber (ADF), and acid-detergent lignin (ADL) with maturity 
(Johnson et al., 1971). However, the digestibility of cellulose declined 
with maturity. 
Silage of bird-resistant sorghum analyzed low in lactic acid produc­
tion when harvested after the milk stage of maturity (Johnson et al., 
1971). The lactic acid production was used as an indicator of fermentation 
in the sorghum silage; hence, they concluded that this poor fermentation 
was a result of a low soluble carbohydrate level as determined on whole 
plant samples of sorghum. Therefore, Johnson et al. (1971) concluded they 
could not recommend that additives such as urea and limestone be added 
before ensiling sorghum. In contrast, Colenbrander, Muller, and Cunningham 
(1971) found that fermentation patterns of corn stover silages were quite 
favorable when additives such as urea and ammonia polyphosphate were added 
prior to fermentation. Hence, these data indicate that sorghum silage may 
possibly not require fermentation additives as opposed to corn stover 
silage. 
Fox et al. (1970) reported that steers fed corn grain or silage had a 
higher daily gain than those fed either the bird-resistant sorghum grain 
or silage. Rolling (passing grain between series of rollers) the bird-
resistant sorghum silage resulted in significant (P<0.01) increases in 
daily gain. It has been suggested that sorghum silage often gives lower 
animal performance than corn silage because of tannins present in sorghum 
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plant parts after ensiling (Cummins, 1971). Cummins (1971) compared a 
bird-resistant sorghum and non, bird-resistant sorghum and found that the 
ensiling process decreased the tannin level in the grain portion of the 
sorghum plant but did not decrease the tannin level in the vegetative parts 
of the sorghum plant. 
Green forages 
The nutritional evaluation of green forages is a difficult task be­
cause of problems involved in the handling and analyzing of green plant 
material. Consequently, a tendency in forage research has been to analyze 
oven-dried plant material as an evaluation of the chemical composition of 
green plants and its relationship to animal performance. 
Burns, Noller, and Rhykerd (1966) found that freeze-dried alfalfa was 
significantly higher (P<0.01) in water-soluble N but significantly lower 
(P<0.01) in total N than the oven-dried material. Freeze-dried alfalfa 
harvested at four different cuttings analyzed higher in percent soluble 
carbohydrate than oven-dried material (Burns, Noller, and Rhykerd, 1964). 
Noller et al. (1966) reported that lyophilized green alfalfa and corn for­
age analyzed higher (P<0.01) in soluble carbohydrate, IVDMD, cellulose 
digestibility, and volatile fatty acid production than comparable materials 
oven-dried. These authors made further comparisons of DM losses by toluene 
distillation, lyophilization, and oven-drying, which indicated significant 
(P<'0.01) losses of DM during oven-drying and lyophilization of silages. 
Van Soest (1965) pointed out that the heat damage during drying could 
adversely affect the determination of lignin, crude fiber, hemicellulose, 
sugars, and vivo digestibility. He suggested drying at 50 C or applying 
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a correction factor for a higher temperature-drying (Van Soest, 1962). 
Bratzler, Keck, and Yoerger (1960) showed that hay dried at 93 C had a 
lower vivo protein digestibility than hay dried at three lower temper­
atures. Owens et al. (1969) used a bomb-calorimetry technique in which 
they reported up to 8.5% loss of caloric content during drying at 60 C in 
a vacuum oven for 80 hours. 
Mayland (1968) reported the greatest loss of DM from alfalfa by oven-
drying at 100 C and the least with freeze-drying. Partial drying at 100 C 
for 90 minutes followed by the completion of drying at 60 C gave the least 
loss of the oven-drying methods compared. 
Freeze-ground corn and forage sorghum material had significantly 
higher (P<0.01) DM, soluble carbohydrate, digestible energy, total digest­
ible nutrients, IVDMD, water-soluble N, and soluble, non-protein N contents 
than did even-dried forage, whereas, ADF, lignin, cellulose, hemicellulose, 
CWC, and crude protein contents were significantly lower (P<0.01) (Danley 
and Vetter, 1971). Since drying altered the more readily available con­
stituents of the green forages, these authors concluded the evaluation of 
organic constituents of green forage plants should be made on freeze-ground 
forage. 
Clark and Mott (1960) found that IVDMD of freeze-dried timothy was 
significantly (P<0.01) higher than that of forage oven-dried at 76.6 C. 
Schmid, Marten, and Goodrich (1970) also reported that drying by lyophili-
zation resulted in less loss of IVDMD than oven-drying, especially in 
silage as compared to fresh fodder of corn and grain sorghum. Any analysis 
for biochemical constitutents of the silage of green, fresh forage should 
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not be made on oven-dried material (Bums et al., 1964; Schmid et al., 
1970). 
17 
SECTION I: YIELD AND m VITRO DRY MATTER DIGESTIBILITY 
OF GRAIN SORGHUM STOVER HARVESTED WEEKLY 
Introduction 
Grain sorghum stover grown in Iowa may be utilized from late September 
through December by ruminant animals maintained for reproductive purposes. 
Martin and Wedin (1974a) reported that grain sorghum stover grown in West­
ern Iowa analyzed high enough in percent crude protein and percent IVDMD 
from late September through December to provide adequate concentrations of 
protein and energy in a daily ration for pregnant beef cowà. However, re­
search indicates stovor standing in the field after frost may lose 30 to 
50% bîl fWebstpr and Davis, 1956; Martin and Wedin, 1974a). 
Grain yield of grain sorghum increased linearly as row spacings de­
creased from 40 to 10 inches (Robinson et al., 1964). Niehaus and Schmidt 
(1970) also reported increased grain yield when row spacing was decreased 
from 28 to 7 inches in 7-inch increments. However, increasing grain yield 
may reduce forage yield when row spacing is decreased (Brown and Shrader, 
1959; Porter et al., 1960). 
In research of Burleson et al. (1956), they showed increases in DM 
yields from 1.69 to 3.50 tons/A from applications of 0 and 120 lb/A of N, 
respectively. Fodder yields of grain sorghum grown in India were substan­
tially increased by applications of N fertilizer or using simazine as a N 
source (Singh and Chouby, 1972; Mannikar et al., 1971). 
Harvesting grain sorghum at 26% grain moisture provided 8.4% more 
total grain and 7.4% more stover than harvesting at 14% grain moisture 
(Windscheffel et al., 1973). 
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Since grain sorghum continues to grow after grain harvest until 
killing frost under Midwest conditions, studies were initiated: 
1. to maximize DM yield and percent IVDMD after grain 
harvest by: 
a. harvesting grain at various stages of grain 
maturity, 
b. applying N fertilizer in conjunction with these 
stages in grain maturity; and 
2. to evaluate DM yields under various row spacings and 
plant populations. 
Materials and Methods 
Field experiments were conducted with'RS 610' grain sorghum at the 
Agronomy and Agricultural Engineering Field Research Center, Boone, Iowa 
in 1971 and 1972 (Experiment I) and at the Shelby-Grundy Experimental Farm, 
Beaconsfield, Iowa in 1971 (Experiment II). In Ames, plots were located on 
silty clay loam, predominantly of the Webster series. At Beaconsfield, the 
plots were located on a silt loam to a silty clay loam soil of the Grundy 
series. 
Climatic conditions in both years were favorable for optimum growth 
and development of grain sorghum and were of the same order at both 
locations. From August until the last week in November of 1971, climatic 
conditions were generally dry, whereas the same period in 1972 indicated 
above-average rainfall. Killing frost occurred at -2.2 C on October 31, 
1971 and at -2.8 C on October 15, 1972. 
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Experiment 1 
Prior to seeding, the entire plot area received 129-59-95 kg/ha of N, 
P, and potassium (K), respectively. All plots were seeded in 76-cm rows at 
7 to 9 kg/ha. Poor emergence in both years caused variation from the de­
sired 175,000 plants/ha. Thus, stalks in each plot were counted at the 
boot stage of maturity in each year. These counts were made in order that 
an analysis of covariance (Steel and Torrie, 1960) could be used to adjust 
DM yields. 
Weed control was accomplished by hand hoeing in 1971 and a pre-
emergence application of Ramrod in 1972. 
The experiment was arranged in a split-plot design, with nine whole 
plots in each of three randomized blocks. These nine treatments were fac­
torial combinations of three, grain-harvest variables and three, fall-N 
variables. The grain-harvest variables were; (1) grain harvest in con­
junction with stover harvest (control), (2) grain harvest at physiologic 
maturity in the grain (PMG), and (3) grain harvest at 25% moisture of the 
grain (25G). Physiologic maturity was determined by identifying the maxi­
mum 200-seed dry weight. Nitrogen variables were; (1) no additional N 
(control), (2) 50 kg/ha of N applied at PMG, and (3) 50 kg/ha of N applied 
at 25G. To insure that N fertilized would reach grain sorghum roots by 
PMG, N application at PMG was applied on September 1 in both years. 
Each whole plot was split into 10 randomized sub-plots representing 
stover harvests which began at grain harvest and followed every week there­
after until mid-November (Table 1.1). Each plot was 2.1 m long and con­
sisted of three rows with only the center row harvested. 
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Sub-samples (four plants) were taken, separated into leaves and 
stalks, and dried in a forced-draft oven at 70 C. Dry matter composition 
and yield calculations were made from these data. 
Bi-weekly, six plants from each plot were separated into leaves and 
stalks, ground separately in a Hobart food chopper, and submersed in 
liquid-N. These frozen samples were transferred to the laboratory in dry 
ice and stored in a freezer until lyophilization. Immediately after lyoph-
ilization, samples were ground in a Thomas mill (40-mesh screen), re-lyoph-
ilized and stored in 57-g bottles at room temperature for later analysis. 
Ground forage samples were analyzed for percent IVDMD using the Tilley and 
Terry (1963) technique as modified at Iowa. Composition data for stover 
were calculated as follows; 
[(stalk yield X percent of chemical constituents) + 
(leaf yield X percent of chemical constituents)]/stover yield 
Statistical analyses were conducted via the Statistical Analysis Sys­
tem at the Iowa State University Computation Center. An unbalanced design 
was used since grain harvest was delayed for appropriate treatments. This 
design limited the number of stover harvests to be analyzed to five; there­
fore, within-years stover harvests were analyzed twice (once for the first 
five and once for the last five harvests). Combined analyses of years was 
balanced and only stover harvests of equal treatment numbers were used. 
Duncan's New Multiple Range Test (Steel and Torrie, 1960) was used to com­
pare treatment means. 
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Experiment II 
Prior to seeding,the entire area received 160-20-35 kg/ha of N, P, 
and K, respectively. 
Plots were seeded in 17.8-, 52.3-, and 71.1-cm rows at seeding rates 
sufficient to obtain 140,000 and 280,000 plants/ha at row spacings 52.3-
and 71.1-cm following minimal thinning. The 17.8-cm row spacing was seeded 
to assure 280,000 and 560,000 plants/ha. However, plant populations in the 
52.3- and 71.1-cm row spacings averaged 185,000 and 225,000 plants/ha while 
the 17.8-cm plots averaged 287,500 and 480,000 plants/ha for a low- and 
high-plant population, respectively. 
The experiment was arranged in a split-split-plot design, with three 
whole plots in each of four randomized blocks. Whole plots represented 
row spacings and each plot was divided in half and randomly assigned a 
low- or high-plant population. The 17.8-cm sub-plots had eight rows while 
the 52.3- and 71.1-cm sub-plots each contained three rows. Each sub-plot 
was further subdivided into four, sub-sub-plots, representing harvests, 
each 3.6 m in length. The center four rows were harvested in the 17.8-cm 
plots while the middle row was sampled in the 52.3- and 71.1-cm row plots. 
Stover was harvested on October 2, November 2, December 3, 1971, and 
January 8, 1972. 
Sub-samples of stover (300 to 500 g) were separated into stalks and 
leaves and dried at 70 C. Only percent DM and DM yield were calculated 
from these samples. 
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Results and Discussion 
Percent dry matter 
Stover harvest Plant parts of grain sorghum stover changed 
(P<'0.01) in percent DM as time after PNG increased (Table 1.2). The 
stalks increased in percent DM between 0 and 21 days after physiologic 
maturity in the grain (DAPMG) in both years. The leaves lost moisture more 
rapidly in 1972 than in 1971, primarily because killing frost occurred 
22 days earlier in 1972 than in 1971. Rapid moisture loss in the leaves 
occurred after killing frost in both years, whereas stalks were relatively 
unaffected by this weathering process. These data agree with those re­
ported earlier by Iowa researchers (Wikner and Atkins, 1960). 
Since the stalk comprised a larger portion of the stover DM, changes 
in percent DM of the stover were moderate in both years. However, percent 
DM did not increase above 32%, even at 68 and 70 DAPMG in 1971 and 1972, 
respectively. These data differ from those reported by Martin and Wedin 
(1974a), in which grain sorghum stover reportedly increased above 30% DM 
after early November (corresponds with 49 DAPMG). However, the stover data 
collected by Martin and Wedin were obtained in western Iowa which is nor­
mally drier than central Iowa. 
A year X harvest interaction (P< 0.01) for percent DM was observed in 
stalks, leaves, and stover. Percent DM in all components decreased be­
tween 42 and 49 DAPMG in 1972 and increased in 1971 (Table 1.2). This re­
sponse was attributed to an extremely wet harvest season (October to Novem­
ber) in 1972, as compared to a drier season during the same period in 1971. 
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Grain harvest Grain-harvest time influenced percent DM in grain 
sorghum stover. A significant interaction (P<0.01) between grain harvest 
and DAPMG was noted for percent DM in both years, but only the 2-year aver­
age is presented in Table 1.3. These data indicate that stover harvested 
at 14, 21, and 28 DAPMG analyzed higher (P<0.01) in percent DM when grain 
was harvested at PMG than when grain was harvested at either 25G or as the 
control. The percent DM in stover harvested after 28 DAPMG was not influ­
enced by grain-harvest time. Hence, under the conditions of this experi­
ment, early grain harvest resulted in a more rapid moisture loss in stover, 
but this loss appeared to be of no practical importance. 
Dry matter yield 
Stover harvest Dry matter yields of stover components at various 
DAPMG are presented in Table 1.4. Stover DM yield increased significantly 
(P< 0.01) above 0 DAPMG at 7 and 21 DAPMG in both years and at 42 DAPMG in 
1971. These increases noted in stover DM yield were attributed to in­
creases in the grain sorghum stalk (Table 1.4). 
A non-significant effect of harvest date on stalk and stover DM yields 
was noted in 1971; however, DM yields beyond 42 DAPMG decreased in 1972. 
Dry matter yields of leaves after PMG decreased in both years, but more 
rapidly in 1972. These data explain a significant (P< 0.01)year X harvest 
interaction observed for DM yield of all components. The wet harvest sea­
son in 1972 probably accentuated the weathering processes; thus, reflecting 
increased DM losses. 
Dry matter losses have been reported previously by Webster and Davis 
(1956) and Martin and Wedin (1974a), but the extent of loss was attributed 
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to dry growing seasons and severe weathering. In the experiment reported 
here, a 6.0% increase and 21% decrease in DM yield occurred between PMC 
and 68 and 70 DAPMG in 1971 and 1972, respectively. Hence, these data 
support the idea that weathering may be primarily responsible for DM 
changes occurring in stover standing in the field in October and November. 
Grain harvest Grain-harvest time influenced DM yield of stalks and 
stover. However, a significant year X grain harvest interaction (P<0.01) 
revealed that grain harvest only influenced DM yield in 1972 (Table 1.5). 
Grain harvest at PMG reflected a 12.2 and 8.0% increase in DM yields of 
stalks and stover, respectively, above that of the control. Grain harvest 
at 25G did not affect DM yield when compared with that of the control. 
A grain harvest time X stover harvest interaction (P<0.01) occurred 
for DM yield of stalks in 1972 (Fig. 1.1). Yield of DM was increased sig­
nificantly (P<0.01) above that of the control at 7, 14, and 30 DAPMG for 
stover which had grain harvested at PMG. Grain-harvest time did not in­
fluence stalk DM yield at 21 DAPMG. 
Fall-N application All stover components responded in DM yield in 
association with fall-N application in 1971 only. Stover which received 
fall-N at PMG produced 9.1% more DM than the control (Table 1.6). This 
increase in DM yield was attributed to increases in both stalk and leaf DM 
yields. However, fall-N application was only associated wtih increases in 
DM yield when the last five harvests were analyzed in 1971. Hence, these 
data indicate that a rather long growing period is required for grain sor­
ghum stover to produce more DM from fall-N application. 
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Row spacing In Experiment II, row spacing influenced DM yields of 
grain sorghum stover (Table 1.7). Yields of DM in stalks, leaves, and 
stover were higher (P<0.01) in 17.8-cm, as compared to 52.3-cm row 
spacings. However, leaf DM yield was different (P<0.01) for each row 
space. Stover harvested from 17.8-cm row spacing produced 20 and 60% more 
DM than 71.1- and 52.3-cm row spacings, respectively. 
Because cultivation of 17.8-cm rows was impossible, weed control was 
important. With the herbicide used, weed control was excellent but as 
pointed out by Niehaus and Schmidt (1970) , the population is also critical 
and it is difficult to obtain the desired space in sorghum sown in 17.8-cm 
row spacings. No significant differences in DM yield were observed due to 
variation in plant population in this study, primarily because the differ­
ence between low and high population was not as large as planned. 
Severe lodging occurred in two-thirds of the 17.8-cm row spacing plots 
at last harvest (January 8). Lodging was not observed in 52.3- and 71.1-cm 
row spacings; consequently, resistance to lodging must be considered in 
narrow rows, particularly if stover remains in the field after early Decem­
ber. 
Trends in DM yield of stover components between October 2 and Decem­
ber 3 were similar to those reported at Ames in 1971. However, DM losses 
which occurred between December 3 and January 8 were greater than those re­
ported at Ames. Dry matter losses Increased with time stover remained in 
the field, thus supporting the data of Martin and Wedin (1974a) and 
Webster and Davis (1956). 
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Neither time of grain harvest nor narrowing the row spacing influenced 
grain yield of RS 610 in these experiments. However, when sampled at grain 
harvest narrowing the row spacing increased stover DM yield above wider 
rows. Grain harvest at PMG increased stover DM yield before killing frost 
more than the control or grain harvest at 25G. Hence, under the conditions 
of this experiment, it appears that stover DM yield may be improved without 
loss of grain yield by implementing either of the basic agronomic prac­
tices, altering grain harvest time or narrowing the rows. 
In vitro dry matter digestibility 
Stover harvest Grain stover components varied in percent IVDMD in 
both years (Table 1.8). Although percent IVDMD of stalks and stover were 
statistically lower at 14 DAPMG than at other harvests, percent IVDMD was 
essentially unchanged in these components throughout the fall period in 
1971. In 1972, stalks analyzed higher in percent IVDMD at 14 DAPMG than at 
any other harvest and stover analyzed higher at all DAPMG. These differing 
trends in percent IVDMD explain a year X harvest interaction (P<0.01) for 
IVDMD of stalks and stover. 
Leaves decreased (P<0.01) in percent IVDMD at 14 and 42 DAPMG in 
1971 and at all harvests in 1972. 
These data indicate that weathering had a greater effect in reducing 
percent IVDMD in 1972 than in 1971. Also, stover was not as high in IVDMD 
in 1972 as in 1971 at PMG. Martin and Wedin (1974a) reported that an ex­
tremely wet season occurred in 1972. Hence, extremes in growing seasons may 
reduce percent IVDMD of grain sorghum stover grown in Iowa. 
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Grain harvest Harvesting grain at PNG increased percent IVDMD of 
stalks and stover above both the control and grain harvest at 25G. How­
ever, as noted in DM yield this response only occurred in 1972 (Table 1.5). 
In addition, IVDMD of the stalks was significantly (P<0.01) different for 
each grain harvest treatment in 1972. 
A grain harvest X stover harvest interaction (P<0.01) (Fig. 1.3) in­
dicated that grain harvest at PMG reflected an increase in percent IVDMD in 
stalks above that of the control when measured at 14, 30, and 42 DAPMG. 
Grain harvest at 25G reflected an increase (P<0.01) in percent IVDMD in 
stalks above the control at 42 DAPMG, but this was no different from stalks 
which had grain removed at PMG. 
Percent IVDMD of stover was higher when grain was harvested at PMG 
than stover harvested as the control as measured at 14, 30, and 42 DAPMG 
(Fig. 1.4). Grain harvest at 25G was associated with a similar increase in 
percent IVDMD but only at 14 DAPMG, 
Fall-N application The influence of fall-N fertilization on per­
cent IVDMD of stalks and stover is shown in Table 1.9. A significant 
year X N X harvest interaction in percent IVDMD of stalks and stover was 
indicated. Stalks analyzed higher in percent IVDMD when fall-N was applied 
at either PMG or 25G as compared to the control, as measured at 28 DAPMG 
in 1971 (Table 1.9). A similar response in percent IVDMD of the stover was 
noted in 1971, but percent IVDMD in the stover having fall-N applied at 25G 
was higher than the control. Similarly, percent IVDMD of stover with fall-
N applied at PMG and analyzed at 30 DAPMG was higher than the control in 
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1972. Hence, fall-N fertilization of grain sorghum stover may improve per­
cent IVDMD in stover at 28 to 30 DAPMG, as observed in this experiment. 
A practical matter relating to fall-N application of grain sorghum 
stover must be considered. Stover would be damaged by the application but, 
nevertheless, these data indicate that grain sorghum stover may respond to 
fall-N application as measured by DM yield and percent IVDMD. 
Under the conditions of this experiment, grain harvest at PMG may 
either enhance stover DM production and percent IVDMD (1972) or not influ­
ence these variables at all (1971). 
Conclusions 
Percent DM, DM yield, and percent IVDMD were determined on grain sor­
ghum stover. Stover was subjected to three grain-harvest times (control, 
PMG, and 25G), three fall-N application times (control, 50 kg/ha at PMG, 
and 50 kg/ha at 25G), and sampled at equal intervals after PMG for 
10 weeks. 
Grain sorghum stalks and stover between 14 and 49 DAPMG ranged in 
percent DM between 16.7 and 29.2%. Leaves lost moisture rapidly after 
killing frost. Grain harvest at PMG appeared associated with additional 
moisture loss in stalks when compared with the control or grain harvest at 
25G, particularly before 30 DAPMG. 
Between PMG and approximately 70 DAPMG, stover DM yield increased 
6.0% and decreased 21.0% in 1971 and 1972, respectively. An extremely wet 
harvest season in 1972 was associated with the DM loss in that year. 
Grain harvest at PMG, when compared with the control grain harvest or 
grain harvest at 25G, reflected higher stalk and stover DM yield at 7, 14, 
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and 30 DAPMG in 1972. Fall-N fertilization increased DM yield of stalks, 
leaves, and stover above that of the control as measured following 30 DAPMG 
in 1971. Increasing the time interval between grain harvest and killing 
frost and additional application of N at grain harvest, resulted in in­
creased DM produced in stover which was not at the expense of grain yield. 
Percent IVDMD in stalks and stover were not affected by fall 
weathering in 1971, but decreased after frost in 1972. The percent IVDMD 
in stover was substantially lower at PMG in 1972 when compared with that at 
PMG in 1971. After frost, percent IVDMD decreased more in leaves than in 
stalks. In 1972, grain harvest at PMG, when compared to grain harvest at 
25G or the control, increased percent IVDMD of stalks and stover at 14, 30, 
and 42 DAPMG. Response to fall-N fertilization, as measured by increases 
in percent IVDMD, was noted in stover harvested at 28 and 30 DAPMG in 1972 
and 1972, respectively. 
Under the conditions of this experiment, allowing more time for stover 
to grow in the field before killing frost may improve stover DM yield and 
percent IVDMD. 
In Experiment II, DM yield of stover components as influenced by row 
spacing (17.8-, 52.3-, and 71.1-cm), plant population (185,000 and 
480,000 plants/ha), and time after grain harvest were all considered. 
A 20 and 60% increase in stover DM yield was obtained in 17.8-cm rows 
when compared to 71.1- and 52.3-cm row spacing, respectively; however, 
stover in 17.8-cm row spacings was severely lodged between December 3 and 
January 8. 
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These data support recommendations for utilization of grain sorghum 
stover by pregnant beef cows in Iowa during September, October, and Novem­
ber . 
Table 1.1. Stover harvest schedules for each grain harvest time, Ames (Experiment I) 
1 9 7 1  
Grain September 
harvest 
time 16 23 30 
Control 
PMG 
25G 
O c  L e b e r  
7 14 22 
Control 
PMG 
S  e  p t e m b e r  
22 29 3 
I h-
1 9 7 2  
O c t o b e r  
13 23 27 
N o v e m b e r  
4 
I  
11 18 25 
I I 
N o v e m b e r  
10 17 
25G 
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Table 1.2. Percent DM in stover components as influenced by year and days 
after physiologic maturity in the grain (DAPMG), Ames 
% DM* 
DAPMG Stalks Leaves Stover 
1971^^ 
14 23.3 e 33.6 a 26.3 de 
21 24.9 fg 34.5 a 27.0 ef 
28 25.2 g 38.2 b 27.9 fg 
35 23.3 e 38.1 b 26.2 de 
42 23.9 e 39.3 b 27.1 ef 
49 24.1 ef 55.2 d 28.4 gh 
1972^^ 
14 19.4 c 39.3 b 23.5 be 
21 21.1 d 45.2 c 25.6 d 
30 17.5 b 53.3 d 22.7 ab 
36 21.8 d 83.8 R 29.2 h 
42 17.8 b 70.7 f 23.9 c 
49 16.7 a 59.6 e 22.3 a 
Within columns means followed by similar letters do not differ 
(P <0.01). 
^Killing frost in 1971, 45 DAPMG and in 1972, 23 DAPMG. 
^Within columns underlines designate significant increases above 
14 DAPMG. 
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Table 1.3. Percent DM in stover as influenced by grain harvest, Ames, 
1971-1972 
*/ % DM ^ 
Grain Harvest 
DAPMG Control PMG 25G 
14 24.5 ab 25.8 cd 24.4 a 
21 25.5 bed 27.3 e 26.0 cd 
28 24.5 ab 26.2 d 25.2 abed 
35 28.0 e 27.7 e 27.4 e 
42 25.1 abed 25.9 cd 25.4 abed 
49 25.4 abed 25.6 cd 25.0 abe 
Means followed by similar letters do not differ (P<0.01). 
^Underlines designate significant increases within DAPMG above the 
control. 
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Table 1.4. Yield of DM (MT/ha) in stover components as influenced by years 
and days after physiologic maturity in grain (DAPMG), Ames 
1971*^^ 1972*^^ 
DAPMG Stalks Leaves Stover DAPMG Stalks Leaves Stover 
0 3.0 a 2.0 b 5.0 a 0 3.2 a 2.0 c 5.2 a 
7 3.6 b 1.9 b 5.6 b 7 4.2 d 2.2 d 6.4 c 
14 3.7 b 1.9 b 5.6 b 14 3.5 be 1.9 be 5.3 ab 
21 4.3 c 1.7 a 6.0 c 21 3.7 c 1.8 ab 5.6 b 
28 4.3 c 1.7 a 6.0 c 30 3.3 ab 1.7 a 5.0 a 
35 4.1 b^ 1.7 c 5.8 b 36 3.2 b 1.7 c 5.0 c 
42 4.5 c 1.8 c 6.3 c 42 3.3 b 1.7 c 5.0 c 
49 4.2 b 1.6 b 5.8 b 49 3.0 a 1,6 c 4.6 b 
56 4.2 b 1.3 a 5.5 ab 56 3-5 c 1.4 b 4.8 be 
68 3.8 a 1.5 b 5.3 a 70 3.0 a 1.1 a 4.1 a 
^Killing frost in 1971, 45 DAPMG and in 1972, 23 DAPMG. 
^Within top or bottom columns underlines designate significant 
increases above 0 or 35 DAPMG, respectively. 
A 
Within a column five top or bottom means followed by similar letters 
do not differ (P<0.01). 
^Within a column five bottom means followed by similar letters do not 
differ (P<0.05). 
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Table 1.5. Values for DM and IVDMD of stover components as influenced by 
grain harvest and years, Ames 
Grain 
Harvest 
DM Yield in MT/ha % IVDMD 
Stalks Leaves * Stover Stalks Leaves 
* 
Stover 
1971 
Control 4.0 c 1.7 5.9 c 55.0 d 56.4 55.4 c 
PMG 4.0 c 1.6 5.8 c 55.0 d 56.6 55.5 c 
25G 4.1 c 1.7 5.8 c 55.5 d 56.8 55.9 c 
1972'' 
Control 3.3 a 1.8 5,0 a 46.7 a 51.4 48.4 a 
PMG 3.7 b 1.9 5.4 b 51.8 c 51.7 51.8 b 
25G 3.4 a 1.8 5.1 a 48.3 b 51.2 49.3 a 
a column means followed by similar letters do not differ 
columns underlines designate significant increases above the 
Within 
(P <0.01). 
^Within 
control). 
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Table 1.5. Yields of DM for stover components as influenced by fall-N 
fertilization, Ames, 1971 
DM Yield in MT/ha^ 
Fall N (kg/ha) Stalks Leaves Stover 
0 4.0 a 1.5 a 5.5 a 
50 at PMG 4.4 c 1.6 b 6.0 b 
50 at 25G 4.2 b 1.6 b 5.8 b 
* 
Means over harvests 35, 42, 49, 56, and 68 DAPMG. 
^Within columns means followed by similar letters do not differ 
(P< 0.05). 
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Table 1.7. Yields of DM for stover components as influenced by row spacing 
and harvest date, Beaconsfield, 1971 
DM Yield in MT/ha 
Treatment Stalks Leaves Stover 
Row Spacing (cm)^ 
17.8 4.8 b 2.0 c 6.7 b 
52.3 3.0 a 1.2 a 4.2 a 
71.1 4.0 b 1.6 b 5.6 b 
Harvest 
Oct. 2 3.2 a 1.5 c 4.7 a 
Nov. 2 4.1 b 1.5 c 5.6 b 
Dec. 3 3.2 a 1.3 b 4.5 a 
Jan. 8 3.2 a 1.0 a 4.2 a 
Within columns treatment means followed by similar letters do not 
differ (P <0.01). 
^Means of the first three harvests. 
A 
Means of four harvests, but only at 52.3- and 71.1-cm row spacings. 
^Killing frost: October 13, 1971. 
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Table 1.8. Percent IVDMD in stover components as influenced by year and 
days after physiologic maturity in the grain (DAPMG), Ames 
% IVDMD* 
1971 1972 
DAPMG Stalks Leaves Stover^ DAPMG Stalks Leaves Stover 
0 54.7 ab 63.6 d 58.1 c 0 49.3 c 59.0 e 53.0 d 
14 53.5 a 57.8 be 55.0 a 14 51.0 d 55.0 d 52.4 d 
28 55.3 b 57.9 c 56.0 ab 30 49.5 c 50.6 c 49.9 c 
42 56.6 b 54.0 a 55.9 ab 42 46.3 b 48.8 b 47.2 b 
56 56.7 b 56.6 b 56.7 be 56 43.3 a 46.5 a 44.2 a 
Within a column means followed by similar letters do not differ 
(P <0.01). 
^Within a column means followed by similar letters do not differ 
(P< 0.05). 
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Table 1.9. Percent IVDMD of stalks and stover as influenced by years and 
days after physiologic maturity in the grain (DAPMG) and fall-N 
fertilization, Ames 
% IVDMD 
* / 
Stalks Stover 
Fall N Fall N 
DAPMG Control PMG 25G Control PMG 25G 
1971 
14 54.2 fgh 52.7 ef 53.6 fg 55.0 hi 54.8 hi 55.0 hi 
28 53.0 ef 57.0 i 55.8 ghi 54.0 gh 57.7 k 56.4 ilk 
42 55.7 ghi 57.9 i 56.3 hi 54.8 hi 56.9 jk 55.9 ij 
1972 
14 50.5 cde 51.9 def 50.8 de 51.9 ef 53.0 fg 52.4 efg 
30 48.2 be 49.6 cd 50.6 cde 48.9 be 50.0 cd 50.8 de 
42 46.9 ab 45.8 a 46.3 ab 47.7 ab 46.7 a 47.1 a 
"k 
Within stover components means followed by similar letters do not 
differ (P<0.01). 
^Within stover components means followed by similar letters do not 
differ (P<0.05). 
J 
Within stalks or stover underlines designate significant increases 
within DAPMG above the control. 
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Fig. 1.1. Stalk DM yield as influenced by grain harvest time and days 
after physiologic maturity in the grain (DAPMG), Ames, 1972 
(Means followed by similar letters do not differ (P <0.01)) 
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Fig. 1.2. Stover DM yield as influenced by grain harvesting time and days 
after physiologic maturity in the grain (DAPMG), Ames, 1972 
(Means'followed by similar letters do not differ (P<0.05)) 
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Fig. 1.3. Stalk percent IVblli) as influenced by grain harvest time and 
days after physiologic maturity in the grain (DAPIIG), Ames, 
1972 (Means followed by similar letters do not differ 
(P< 0.01)) 
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Fig. 1.4. Stover percent IVD'H) values as influenced by grain harvest 
time and days after physiologic maturity in the grain (L)AI'MG), 
Ames, 1972 (Means followed by similar letters do not differ 
(P<0.01)) 
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SECTION II: STRUCTURAL AND CHEMICAL CHARACTERISTICS 
WHICH INFLUENCE THE NUTRITIVE VALUE OF GRAIN SORGHUM STOVER IN 
PRE- AND POST-FROST HARVESTS 
Introduction 
The primary sources of variation in nutritive value of forages asso­
ciate closely with chemical composition. Efforts of agronomists and animal 
scientists have been directed toward an understanding of these variations 
in plant material. 
Van Soest (1965) proposed a scheme of chemical analyses which frac­
tionate plant DM into cell contents and cell walls. In this scheme cell 
contents are readily available for digestion, whereas cell-wall digestion 
is limited primarily by lignification (Van Soest, 1967). However, all fac­
tors limiting cell-wall digestion by rumen organisms are not known 
(Van Soest, 1973). Consequently, Van Soest has concluded that in vitro 
systems which measure DM digestibility, particularly the procedure of 
Tilley and Terry (1963), yield more accurate estimates of digestibility 
than do any schemes using chemical entities. 
Percent protein and cellulose declined with maturity while CWC and 
lignin increased in bird-resistant grain sorghum stalks, leaves, and heads 
(Johnson, et al., 1971). Martin and Wedin (1974a) reported that percent 
crude protein increased significantly (P<0.01) in grain sorghum stalks and 
stover between grain harvest and late December. 
Silica accumulates in sub-epidermal layers of sorghum plant parts 
(Lanning et al., 1958; Stewart, 1965). Jones et al. (1963) stated that 
their data suggested silica was deposited in association with cell wall. 
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Silica which is absorbed and metabolized by forage grasses has been found 
to be an important factor in reducing digestibility of CWC (Van Soest and 
Jones, 1968). 
Percent IVDMD of grain sorghum stover increased (PKO.Ol) between 
grain harvest and killing frost (Martin and Wedin, 1974a). More recently 
Martin and Wedin (1974b) reported that lengthening the interval between 
grain harvest and frost by harvesting grain at PMG increased (P<0.01) 
percent IVDMD of stover when compared with grain harvests at later stages. 
Hence, this study was conducted to further evaluate changes in chemical 
entities of grain sorghum stover components in pre- and post-frost harvests. 
We were also interested in more closely defining the nutritive value of 
grain sorghum stover. 
Materials and Methods 
'RS 610' grain sorghum (Sorghum bicolor (L.) Moench) stover was har­
vested in 1971 and 1972 at Ames, Iowa as previously described (Martin and 
Wedin, 1974b). From that experiment, two complete field replicates were 
selected at random to be used in the following experiment. Within those 
replicates, samples included all grain harvests, all fall-N treatments, and 
three of the 10 stover harvests. These three harvests selected were; 
grain harvest, pre-frost (October 7, 1971 and October 6, 1972), and post-
frost (November 18, 1971 and November 17, 1972). Grain was harvested at 
PMG (September 16, 1971 and September 22, 1972), at 25G (September 23, 1971 
and October 3, 1972), and as the control. 
Stalks and leaves were analyzed for CWC, ADF, permanganate lignin, 
cellulose, hemicellulose, and silica as described by Goering and Van Soest 
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(1970), for Kjeldahl-N (Bremner, 1960), and for IVDMD (Tilley and Terry, 
1963). Values for ADF include cellulose, lignin, and insoluble ash with 
insoluble ash, as analyzed in this experiment, being primarily composed of 
silica. Percent hemicellulose was calculated by subtracting ADF from CWC. 
Hence, the values for CWC included cellulose, hemicellulose, lignin, and 
silica when CWC are subtracted from 100, the so-called cell contents re­
mained and 98% are readily digestible, according to Van Soest (1967). 
Kjeldahl-N was converted to crude protein (N X 6.25). 
All statistical analyses and computations were conducted with the 
Statistical Analysis System at the Iowa State University Computation Cen­
ter. Means were compared using Duncan's New Multiple Range Test as de­
scribed by Steel and Torrie (1960). Analysis of covariance as described by 
Steel and Torrie (1960) was also used to interpret some data. 
Results 
Chemical composition 
Stover harvest Chemical composition of grain sorghum stover compo­
nents varied in pre- and post-frost harvests. A significant year X stover 
harvest interaction was observed in most chemical analyses of stalks and 
stover (Table 2.1). In leaves, the interaction was noted only for CWC. 
In the stalks, values for CWC, ADF, cellulose, hemicellulose, and 
silica decreased significantly (P<0.01) between the grain harvest and pre-
frost harvests in 1971. In 1972, similar decreases during this time inter­
val were only noted for CWC, ADF, and cellulose. Between pre- and post-
frost harvests in 1971, lignin and silica increased significantly 
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(P <0.01), but at the post-frost harvest these constituents were not sig­
nificantly higher from those at grain harvest. Interestingly, analyses in 
1972 of post-frost harvests revealed values for CWC, ADF, cellulose, 
lignin, and silica which were significantly (P<0.01) higher than those at 
either grain harvest or pre-frost. Stalk values for percent crude protein 
were significantly (P<0.01) higher at the post-frost harvest than at the 
grain harvest in both years. 
The si, ficant (P<0.01) year X stover harvest interaction for per­
cent CWC of the leaves was attributed to a large increase in CWC of pre-
and post-frost harvests in 1971, while in 1972 large increases occurred at 
all harvests as compared to the control (Table 2.1). Values for ADF, cel­
lulose, lignin, and silica increased significantly (P <0.01) between grain 
harvest and post-frost harvest in both years. However, values for crude 
protein decreased during both harvest seasons while hemicellulose decreased 
in 1971 and increased in 1972. 
The composition of stover was markedly influenced by evident changes 
in both stalks and leaves. In essence, values for CWC, ADF, cellulose, and 
hemicellulose in the stover (Table 2.1) decreased significantly (P<0.01) 
between grain harvest and pre-frost harvest in 1971 while remaining essen­
tially unchanged during the same period in 1972. As noticed in the stalks, 
however, 1972 values for CWC, ADF, cellulose, and lignin at the post-frost 
harvest were significantly higher than those at the pre-frost or grain 
harvest. In 1971,values at the post-frost harvest were not significantly 
larger than those at grain harvest. Percent silica increased between 
pre- and post-frost harvests in both years and was higher at each harvest 
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in 1972 when compared with 1971. Surprisingly though, percent crude pro­
tein in the stover dropped both years, dropping earlier in 1971 than in 
1972. 
Grain harvest Grain harvest time influenced changes in CWC of 
stalks and stover, but not leaves. A significant (P<0.01) grain harvest X 
stover harvest interaction was observed in stalks and stover for values of 
CWC, ADF, cellulose, hemicellulose, lignin, and silica (Table 2.2). In 
partial explanation, consider that stalks harvested at 25G analyzed sig­
nificantly (P<0.01) lower in percent CWC, percent ADF, percent cellulose, 
and percent lignin than did stalks harvested at PMG. Interestingly, per­
cent silica in the stalks harvested at 25G was significantly (P<0.01) 
higher than percent silica at PMG. However, stalks at post-frost harvest 
which had grain removed at PMG were lower in percent silica than stalks 
harvested as either the control or 25G. 
Stover harvested at 25G analyzed significantly (P <0.01) lower in 
percent cellulose and percent lignin than stover harvested at PMG while 
percent silica increased under the same treatment. Pre-frost harvest of 
stover in which grain was harvested at PMG was significantly (P<0.01) 
lower for values of CWC, ADF, and cellulose when compared to grain harvest 
at 25G or the control harvest. Percent lignin in the stover which had 
grain removed at either PMG or 25G was significantly (P<0.01) lower than 
the control as measured at the pre-frost harvest. Grain harvest at PMG 
resulted in lower percent silica and higher percent lignin than stover har­
vested at the post-frost harvest when compared with grain harvest at 25G 
or the control harvest. A significant grain harvest X stover harvest 
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Interaction was not observed for percent hemicellulose of the stover; 
At the pre-frost harvest, stover which had grain removed at PNG was signif­
icantly (P<0.01) lower in percent hemicellulose as compared with grain re­
moved at 25G or the control harvest. 
A significant year X grain harvest interaction occurred in both stalks 
and stover analyzed for percent CWC, percent ADF, and percent cellulose. 
These data illustrate similar responses to grain harvest as noted above, 
but these responses were only noted in 1972. 
Fall-N fertilization Fall-N application at PMG reflected signif­
icantly (P<0.05) lower values for both percent ADF and cellulose in stalks 
and stover when compared with fall-N application at 25G or no fall-N appli­
cation. 
Relationships of DM constituents 
The relationships of various constituents of plant DM in the stalks 
and leaves at each stover harvest are presented in Table 2.3. In the 
stalks, cellulose was positively related to hemicellulose, lignin, silica, 
and crude protein at all harvests except for silica and crude protein which 
were negatively related at grain harvest. However, these relationships 
were only significant (P<0.01) for lignin and silica, with silica at grain 
harvest excepted. On the other hand, hemicellulose was negatively asso­
ciated with lignin, silica, and crude protein at all harvests, but these 
relationships were only significant (P<0.01) for silica and crude protein 
at grain harvest. Crude protein was positively associated with silica. 
In the leaves, cellulose was significantly (P<0.01) associated with 
hemicellulose, silica, and crude protein; however, this relationship was 
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negative with both silica and crude protein but positive for hemicellulose. 
Hemicellulose was negatively (P<0.01) associated with silica at all har­
vests, with this relationship strengthened after frost. 
Relationship of CWC with IVDMD 
Of primary importance in this study was the relationship of various 
CWC to percent IVDMD in stover components (Table 2.4). Three constituents, 
cellulose, lignin, and silica, were negatively (P<0.01) related to percent 
IVDMD of stalks at all harvests. Different from the stalks, percent hemi­
cellulose and percent silica in the leaves were significantly (P<0.01) 
associated with leaf IVDMD (Table 2.4) but hemicellulose was positively 
associated at grain harvest while silica was negatively associated at all 
harvests. Stover IVDMD was negatively associated with all CWC at all har­
vests except hemicellulose at grain harvest which was positively associated 
(P<0.01). 
Discussion 
Effects of grain harvest on chemical composition 
The chemical composition and percent IVDMD of grain sorghum stover 
were influenced markedly by time of grain harvest. Recently, Martin and 
Wedin (1974a), demonstrated that grain sorghum stover continues growth 
during the interval between grain harvest and killing frost. In the ini­
tial portion of this study,(Martin and Wedin, 1974b) reported on the 
effects of extending the interval between grain harvest and killing frost. 
This was accomplished by harvesting grain as early as PMG. An increased 
percent IVDMD in the stover harvested at PMG resulted when compared with 
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grain harvest at 25G. This response in grain sorghum stover between grain 
harvest and the pre-frost harvest is noted in Fig. 2.1. 
A drop in all CWC occurred in conjunction with the increase in percent 
IVDMD (Table 2.2). Associated with a decrease in CWC is an increase in 
cell contents, all of which Van Soest (1967) concluded are highly digest­
ible. Hence, grain sorghum stover (stalks, in particular) accumulates 
highly digestible cell contents (other than the crude protein which remains 
unchanged) between grain harvest and killing frost. These data agree with 
those of Burns et al. (1970) which indicate forage sorghum produces photo-
synthates after maturation of seed and until frost, accumulating a reser­
voir of water-soluble carbohydrates in the pith of the stalk. 
Effects of stover harvest on chemical composition 
The significant year X stover harvest interaction noticed in most 
constituents analyzed indicates variation which may be partially attributed 
to weather conditions. Martin and Wedin (1974b) noted that growing seasons 
were similar in 1971 and 1972, but that 1972 was characterized by above-
normal rainfall after PMC as compared with 1971. Also, killing frost 
occurred 22 days later in 1971 than in 1972. This difference in length of 
the weathering period may explain why CWC and IVDMD values at the post-
frost harvest in 1972 were significantly higher and lower, respectively, 
than those at grain harvest. In contrast, no significant differences were 
noted in 1971. 
It is difficult to identify the CWC or constituents which caused lower 
IVDMD values in the stover components after frost. The data in Table 2.4 
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indicate that cellulose, lignin, and silica were negatively associated 
with changes in percent IVDMD of stalks and stover. 
Relationships of CWC with IVDMD 
Using an analysis of covariance to assist in delineating cause and 
effect relationships, indications are that percent cellulose as a covariate 
against IVDMD in the stalks removed all of a significant (P <0.01) year X 
stover harvest effect (Table 2.5). Ifhen lignin was the covariate some of 
the variation in percent IVDMD in stalks associated with the year X 
stover harvest effect was removed. These adjustments in percent 
IVDMD of the stalks when either cellulose or lignin was a covariate indi­
cates that both of the constituents are negatively associated with percent 
IVDMD in the stalks. This agrees with the values as presented in Ta­
ble 2.4. 
Silica used as a covariate in statistical analysis did not alter the 
degree of variation in stalk IVDMD. However, when silica was included as a 
covariate with cellulose and lignin not only was the year X stover harvest 
interaction removed, but significant effects for years as well as much of 
the stover harvest effects were removed. Hence, it appears that the varia­
tion in cellulose, silica, and lignin are all associated with percent IVDMD 
in the stalks. Further support of this is the positive relationship of 
cellulose, lignin,and silica in stalks (Table 2.3). 
In the leaves, hemicellulose was the only CWC constituent which 
was associated with the year X stover harvest interaction of percent IVDMD 
in the leaves (Table 2.6). However, this association is explained by the 
interaction of which percent hemicellulose was positively associated with 
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percent IVDMD in the leaves in 1971 and negatively associated in 1972. 
Hence, percent hemicellulose was not consistently related with IVDMD in the 
leaves. 
Silica 
Silica in the leaves, as in the stalks, when used as a covariate re­
moved most of the variation attributed to the main effect of years. Per­
cent silica was significantly (P<0.01) higher in stalks and stover at all 
harvests and in leaves at the post-frost harvest in 1971, as compared with 
1972 (Table 2.1). The uptake of silica by plants has been explained in 
terms of the availability of silica in the soil solution and the amount of 
water transpired by the plant (Jones and Handreck, 1965). Since the 1972 
harvest season was typified by above-normal rainfall, additional silica 
could have been available for uptake by the plants, thus, explaining higher 
levels of silica in grain sorghum stalks and leaves in 1972 when compared 
with 1971. Van Soest and Jones (1968) pointed out that silica which is 
absorbed and metabolized by forage grasses is an important factor in the 
reduction of cell-wall digestibility. Hence, the significantly lower per­
cent IVDMD in the stalks and leaves (unadjusted means in Table 2.5 and 2.6) 
at all harvests in 1972 compared with 1971 may be explained by high levels 
of silica in the plant part. 
Van Soest and Jones (1968) further observed that the forage grasses 
were accumulating silica even though lignin was not increasing. Our data 
indicate that silica and lignin and cellulose, for that matter, in stalks 
are all positively associated (Table 2.3), especially after frost. Leaf 
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data did not show these relationships with respect to cellulose, lignin, 
and silica. 
The indication is that silica uptake by grain sorghum will vary 
greatly with environmental and soil conditions and, thus, further research 
is suggested to understand these relationships. Further, if silica uptake 
may be controlled with proper fertilization it should have attention in re­
search. 
Under the conditions of this experiment, cellulose, lignin, and 
silica, or ADF appear to explain the variation in percent IVDMD of the 
stalks which occurred due to weathering. Variation in percent IVDMD of 
grain sorghum leaves, however, is not explained by analyses of CWC. Since 
the stalks comprise nearly two-thirds of the stover, ADF in the stover may 
also explain variation associated with percent IVDMD of grain sorghum 
stover. Van Soest (1967) pointed out that the in vitro systems for ana­
lyzing DM digestibility are superior to chemical analyses because of the 
unknown factors in DM digestion involved with ruminants. These data sup­
port this statement, especially with regard to grain sorghum leaves. 
Conclusions 
Grain sorghum was subjected to grain harvests (control, PMG, and 25G), 
fall-N applications (control, applied at PMG and applied at 25G), and was 
sampled at grain harvest, and at pre- and post-frost harvest in 1971 and 
1972. These samples were analyzed for CWC, ADF, cellulose, hemicellulose, 
lignin, silica, crude protein, and IVDMD. 
55 
Harvesting grain at PMG compared with grain harvest at 25G reflected 
higher (P<0.01) percent IVDMD in stalks and stover at pre-frost harvest. 
These increases were associated with increases in cell contents between 
grain harvest and killing frost. 
After killing frost, increases in percent cellulose, percent lignin, 
and percent silica in stalks were associated with drops in percent IVDMD of 
stalks. Values for IVDMD in the leaves decreased steadily after grain har­
vest. No particular CWC appeared to be associated with the decrease in 
leaf IVDMD throughout the harvest season. Increases in percent silica were 
more closely associated with lower percent IVDMD values in stalks and 
leaves in 1972 as compared with 1971. This increase in silica may have 
been associated with different soil and weather conditions. 
More research with respect to the role of silica in soil, plants, and 
animals is needed to understand this unique phenomenon. 
Table 2.1. Chemical composition of grain sorghum components as influenced by stover harvest and 
years (Underlines and refer to an increase or decrease, respectively, with re­
spect to grain harvest) 
% Crude 
Stover Harvest % CWC % ADF % Cellulose % Hemicellulose X Lignin % Silica Protein 
Stalks 
1971 
* * * * * 
Grain harvest 68.7 c 45.4 b 34.7 c 23.3 b 6.9 be 3.6 b^ 1.9 a 
Pre-frost 59.7 a 39.6 a 30.4 a 20.1 a 5.8 a 3.2 a 2.1 ab 
Post-frost 61.2 a 40.9 a 30.5 a 20.3 a 6.4 b 3.8 be 2.6 be 
1972 
Grain harvest 67.8 c 47.3 c 34.7 c 20.5 ab 7.3 c 5.2 d 2.9 cd 
Pre-frost 64.1 b 44.7 b 32.7 b 19.4 a - 6.8 be 5.0 cd 3.0 cd 
Post-frost 73.3 d 52.0 d 37.4 d 21.3 ab 8.7 d 5.6 e 3.2 d 
Leaves 
1971 
Grain harvest 59.0 
* 
b 37.0 24.6 a' 22.0 c^ 4.1 / 8.0 a^ 10.1 b^ 
Pre-frost 57.7 b 40.0 b 26.0 b 17.7 ab 4.6 ab 9.2 b 8.9 a 
Post-frost 64.2 c 45.6 c 29.3 d H
 
00
 
6.0 c 10.1 b 8.4 a 
1972 
Grain harvest 54.3 a 37.8 a 23.9 a 16.6 a 4.4 ab 9.2 b 12.9 d 
Pre-frost 58.0 b 39.9 b 24.7 a 18.1 b 4.7 b 10.1 b 12.8 d 
Post-frost 62.9 c 45.2 c 27.3 17.8 ab 5.8 11.9 c 11.8 c 
Stover 
1971 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
65.0 c 42.2 b 
59.1 a 39.7 a 
62.1 b 42.3 b 
62.8 b 
62.0 b 
70.0 d 
43.7 c 
43.0 be 
49.8 d 
30.8 b 
29.1 a 
30.1 ab 
30.6 b 
29.9 ab 
34.3 c 
1972 
22.8 b 
19.4 a 
19.8 a 
19.0 a 
18.9 a 
20.2 a 
5.8 a 
5.5 a 
6.3 c 
6.2 be 
6.1 be 
7.8 d 
5.3 ab" 
5.0 a 
5.7 b 
6.7 e 
6.8 c 
7.5 d 
5.0 b 
6.6 d 
6.3 d 
5.8 c 
Within ehemical and plant eomponents means followed by similar letters do not differ (P<0.01). 
'^Year X stover harvest interaction was not significant (P<0.05) but stover harvest was signif­
icant (P<0.01). 
^Within chemical and plant components means followed by similar letter do not differ (P<0.05). 
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Table 2.2. Cell-wall constituents of stalks and stover as influenced by 
grain harvest and stover harvest (Underlines and refer 
to an increase or decrease, respectively, with respect to grain 
harvest) 
Stalks 
Grain Harvest 
Stover 
Grain Harvest 
Stover Harvest Control PMG 25G Control PMG 25G 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
70.2 f 
64.4 be 
67.7 def 
47.5 f 
44.2 be 
46.4 def 
68.9 ef 
58.4 a 
66.5 cde 
46.9 ef 
39.8 a 
45.5 cde 
% CWC 
65.5 bed 
63.0 b 
67.6 def 
% ADF 
64.8 de 
62.3 be 
66.3 e 
* 
44_j^_£d 
42.6 b 
47.4 ef 
43.4 c 
42.9 be 
45.7 d 
64.2 cde 
57.8 a 
65.8 e 
43.1 be 
39.7 a 
45.7 d 
62.6 bed 
61.6 b 
66.2 e 
42.4 be 
41.6 b 
46.8 d. 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
35.5 e 
32.9 be 
34.1 cde 
22.7 b 
20.2 ab 
21.2 b 
35.1 e 
29.8 a 
33.1 bed 
22.1 b 
18.6 a 
21.0 ab 
% Cellulose 
33.3 bed 31.2 cd 
32.0 b 30.4 be 
34.7 de 32.1 de 
% Hemicellulose^ 
21.0 ab 21.4 b 
20.4 ab 19.5 ab 
20.2 ab 20.5 b 
31.0 bed 
28.3 a 
31.8 de 
21.1 b 
18.1 a 
20.0 b 
30.0 b 
29.8 b 
32.8 e 
20.2 b 
19.9 ab 
19.5 ab 
Grain harvest 
Pre-frost 
Post-frost 
7.7 d 
6.8 be 
7.3 d 
7.2 cd 
6.0 a 
7.8 d 
% Lignin 
6.3 ab 
6.2 ab 
7.6 d 
6.3 b 
6.2 b 
6.7 be 7.0 cd 
Grain harvest 
Pre-frost 
Post-frost 
4.1 ab 
4.3 ab 
4.9 d 
4.3 b 
3.9 a 
4.4 be 
% Silica 
4.8 cd 
4.1 ab 
4.8 cd 
5.7 a 
6.1 ab 
6.9 c 
5.8 a 
5.7 a 
6.2 ab 
6.5 be 
5.8 a 
6.6 be 
Within chemical and plant components means followed by similar let­
ters do not differ (P<0.01). 
Year X harvest interaction not significant. 
Table 2.3. Simple correlation coefficients (r values) of various plant DM constituents in stalks and 
leaves at each harvest 
Stover Harvest Cellulose Hemicellulose Lignin Silica 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
0.27 
0.23 
0.23 
0.74, 
0.74, 
0.74 
-0.28, 
0.42, 
0.75 
-0.28 
0.17 
0.17 
Stalks 
Hemicellulose 
Lignin 
-0.02 
-0.07 
-0.07 
Silica 
-0.71^ 
-0.28 
-0.03 
Crude Protein 
* 
-0.55 
-0.23 
-0.03 
-0.07, 
0.63, 
0.69 
0.02 
0.4r 
0.27 
0.65 
0.67 
0 .26  
* 
Leaves 
Hemicellulose 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
Grain harvest 
Pre-frost 
Post-frost 
0.42, 
0.51, 
0.52 
-0.28 
-0.11 
-0.11 
-0.40j 
-0.39, 
—0.68 
-0.58, 
-0.69. 
-0.77 
Lignin 
-0.18 
-0.33' 
-0.29 
Silica 
d 
-0.55. 
-0.52 
-0.65 
Crude Protein 
* 
-0.66 
-0.13 
-0.30 
0.12 
0.29 
0.00 
0.14 
0.05 
-0.20 
0 . 2 2  
0.38, 
0.55 
* 
Probability (P<0.01) that a correlation coefficient as large or larger would occur due to 
chance alone. 
^Probability (P<0.05) that a correlation coefficient as large or larger would occur due to 
chance alone. 
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Table 2.4. Simple correlation coefficients of plant DM constituents with 
percent IVDMD in stover components at each stover harvest 
Stover Harvest Stalks Leaves Stover 
Grain harvest 
Pre-frost 
Post-frost 
Cellulose 
* 
-0.52^ 
-0.80 
-0.96 
* 
0.19 
0 . 2 1  
0 . 2 6  
-0.23, 
-0.61, 
-0.95 
Grain harvest 
Pre-frost 
Post-frost 
Hemicellulose 
0.30 0.73* 
-0.01 -0.15 
-0.18 0.27 
* 
0.64 
-0.04 
-0.08 
Grain harvest 
Pre-frost 
Posc-frost 
Lignin 
* 
-0.55* 
-0.72 
-0.77* 
-0.06 
-0.09 
-0.14 
-0.47, 
-0.62, 
-0.69 
Grain harvest 
Pre-frost 
Post-frost 
Silica 
* 
-0.52* 
-0.74* 
-0.74 
-0.67 
-0.40, 
-0.48 
-0.52, 
-0.76, 
-0.75 
Probability (P<0.01) that 
larger would occur due to chance 
^Probability (P<0.05) that 
larger would occur due to chance 
a correlation coefficient as large or 
alone. 
a correlation coefficient as large or 
alone. 
Table 2.5. Year X stover harvest mean IVDMD values in stalks adjusted for various CVJC constituents 
compared with no adjustment 
% IVDMD 
* 
Stalk Stalk IVDMD Adjusted for Covariate 
Cellulose Cellulose 
. ^ Silica Silica 
Stover Harvest Unadjusted Cellulose Lignin Silica Lignin Lignin 
1971 
Grain harvest 54.7 d 56.0 54.6 d 54.7 d 55.5 56.0 
Pre-frost 57.8 e 54.5 56.7 e 57.9 e 53.4 54.3 
Post-frost 54.8 d 51.6 54.2 d 54.8 d 51.0 51.6 
1972 
Grain harvest 48.4 b 49.8 48.7 b 48.3 b 50.4 49.8 
Pre-frost 50.4 c 49.7 50.3 c 50.4 c 50.0 49.7 
Post-frost 42.9 a 47.4 44.6 a 42.8 a 48.7 47.7 
Within columns means followed by similar letters do not differ (P<0.01). 
Within columns means followed by similar letters do not differ (P<0.05). 
Table 2.6. Year X stover harvest mean IVDMD values in leaves adjusted for various CWC constituents 
compared with no adjustment 
Leaf IVDMD Leaf IVDMD Adjusted for Covariate 
* * / 
Stover Harvest Unadjusted Cellulose Hemicellulose Lignin Silica 
1971 
Grain harvest 
Pre-frost 
Post-frost 
63.1 e 
58.8 d 
50.5 b 
63.2 e 
58.8 d 
50.3 b 
62,9 
58.9 
50.5 
63.1 e 
58.9 d 
50.4 b 
62.2 e 
58.6 d 
50.7 b 
Grain harvest 
Pre-frost 
Post-frost 
58.0 d 
54.7 c 
47.7 a 
1972 
58.2 d 
54.8 c 
47.5 a 
58.1 
54.7 
47.7 
58.1 d 
54.7 c 
47.6 a 
57.8 d 
54.8 c 
48.7 a 
Within columns means followed by similar letters do not differ (P<0.05). 
^Within columns means followed by similar letters do not differ (P<0.05). 
5 7 . (] 
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S t o v e r  H a r v e s t s  
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Fig. 2.1. Values for percent IVDMD in stover at various stover harvests as Influenced by grain har­
vest times. Means followed by similar letters do not differ (P<0.01) 
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SECTION III: THE EFFECTS OF VARIOUS DRYING METHODS ON IN VITRO 
DRY MATTER DIGESTIBILITY OF GRAIN SORGHUM STOVER AND STOVER SILAGE 
Introduction 
Nutritional evaluation of green forage is a difficult task because of 
problems involved in the handling and analyzing of green plant material. 
Consequently, a tendency in forage research has been to analyze oven-dried 
plant material to evaluate the chemical composition of green plants and its 
relationship to animal performance. 
Green forages lyophillzed analyzed significantly higher in soluble 
carbohydrate than green forages oven-dried (Burns et al., 1964; Noller 
et al., 1966). Fresh or ensiled forages lyophilized analyzed significantly 
higher in percent IVDMD than similar materials oven-dried (Clark and Mott, 
I960; Noller et al., 1966; Schmid et al., 1970). 
Freeze-ground fresh and ensiled forage analyzed significantly higher 
in soluble carbohydrate and percent IVDMD than similar materials oven-dried 
(Danley and Vetter, 1971). 
Thus, any analysis of silage or green forage for biochemical constit­
uents should not be done on oven-dried material. This research was con­
ducted in three experiments 
1. Experiment I was designed to investigate the percent 
IVDMD in stalks and leaves as influenced by: 
a. two methods of grinding frozen samples, and 
b. variation in particle size. 
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2. Experiment II was designed to investigate the percent 
TVDMD of stalks and leaves as influenced by lyophilization 
and oven-drying. 
3. Experiment III was designed to investigate the percent 
IVDMD of stover and stover silage as influenced by 
lyophilization, oven-drying, and freeze-grinding. 
Materials and Methods 
Grain sorghum (Sorghum bicolor (L.) Moench) stalks and leaves were 
analyzed for percent IVDMD (Tilley and Terry, 1963) in three different 
drying experiments. 
Four plants were randomly selected from field plots, separated into 
stalks and leaves, and oven-dried at 72 C. 
Fresh stalks and leaves to be lyophilized or freeze-ground were ob­
tained from six plants randomly selected from field plots, ground in a 
Hobart food chopper and immediately submersed in liquid-N (-196 C) for 
approximately 5 minutes. These frozen samples were stored in a freezer 
(-20 C) until lyophilized or freeze-ground. 
Lyophilization of frozen plant samples was accomplished with a Virtis 
freeze-drier, model USM-15. Except in Experiment I, freeze-grinding was 
accomplished by grinding frozen plant samples in dry-ice and liquid-N with 
an Osterizer blender. Freeze-ground samples were analyzed for percent DM 
by toluene distillation (Dewar and McDonald, 1961) only in 1971. In 1972, 
percent DM was determined from lyophilized samples. 
Both oven-dried and lyophilized samples were ground in a Thomas mill 
(40-mesh screen). Oven-dried samples were re-dried at 72 C for 24 hours 
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while lyophilized samples were re-lyophilized for 15 hours. Residual 
moisture (determined at 100 C in oven-drier) indicated equal dryness of 
oven-dried and lyophilized samples. 
Certain statistical analyses were conducted using machine formulae 
for split-plot analyses (Steel and Torrie, 1960) and some other analyses 
used the Statistical Analysis System, Iowa State University Computation 
Center. 
Experiment 1^ 
Twelve, frozen-plant samples (six of stalks and six of leaves) were 
randomly assigned to two groups. Each group was freeze-ground with either 
an Osterizer blender or a Stein laboratory mill. Following grinding, each 
sample was sub-divided into three samples and randomly assigned one of the 
following treatments: (i) no additional preparation, (ii) grinding in a 
Thomas mill (40-mesh screen), and (iii) sifting through a 40-mesh sieve. 
Thus, the type of grind was considered as a whole-plot and particle-size 
treatments as split-plots. 
Experiment II 
Stalks and leaves were selected from four harvests in 1971 as previ­
ously described (Martin and Wedin, 1974b). Forage harvests (grain har­
vested at 25G) on October 7, October 22, November 4, and November 18 were 
used. Forage from the various harvests was oven-dried and lyophilized as 
previously described. Duplicate samples were analyzed for percent IVDMD, 
averaged, and used as one treatment observation. 
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Experiment III 
In 1971, nine field plots of stover were harvested, cut with a field 
chopper, and ensiled in laboratory silos for 22 days as outlined by Danley, 
Vetter, and Wedin (1973). Three field replicates of three grain harvest 
treatments, outlined by Martin and Wedin (1974b), were designated as whole 
plots. Chopped stover samples were divided in half and randomly assigned 
to sub-plots of ensiling or no ensiling. Each of these fresh ensiled 
samples were sub-divided into three samples (sub-sub-plots) and randomly 
assigned to either freeze-grinding, lyophilization, or oven-drying. 
In 1972, the same field treatments selected as in 1971 were harvested 
on October 6 and December 1. These samples were chopped, ensiled, and 
analyzed the same as in 1971. However, only lyophilization was used to dry 
samples in order to estimate the effect of ensiling grain sorghum stover 
at two different times during the fall harvest season. 
Results and Discussion 
Experiment 1 
A preliminary grinding trial with an Osterizer blender indicated that 
frozen samples contained variable particle sizes. Thus, an experiment was 
conducted to evaluate percent IVDMD of stalks and leaves freeze-ground 
with two grinders: (1) Osterizer blender and (2) Stein laboratory mill. 
Freeze-ground samples were lyophilized so that additional sample prepara­
tion treatments could be administered to evaluate the influence of particle 
size on percent IVDMD of these samples. A significant (P<0,05) grinder X 
sample preparation interaction was observed In percent IVDMD of stalks 
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(Table 3.1). These data indicate that percent IVDMD in stalks was signifi­
cantly higher when samples ground with an Osterizer (passed through either 
a Thomas mill (40-mesh screen) or a 40-mesh seive) were compared with no 
additional sample preparation. Samples ground with a Stein laboratory mill 
were not significantly influenced by additional sample preparation. How­
ever, freeze-grinding a sample with the Stein laboratory mill required 
thrice the time required using the Osterizer. For leaves, percent IVDMD 
was not influenced by either grinders or particle size. 
As a result of this preliminary experiment, the Osterizer blender was 
chosen to be used in freeze-grinding. This blender was chosen primarily 
because the labor involved was considerably less than with the Stein labo­
ratory mill. Additional care was taken during grinding to reduce variation 
in particle size of samples. 
Experiment II 
Values for percent IVDMD in stalks and leaves lyophilized (freeze-
dried) were significantly (P <0.01) higher than for samples oven-dried at 
70 C (Table 3.2). These data support those of Clark and Mott (1960) and 
Schmid et al.(1970). Thus, IVDMD analysis of grain sorghum stalks or 
leaves oven-dried at 70 C (as done in this study. Section III) could under­
estimate percent IVDMD. 
When averaged over both drying methods, percent IVDMD in stalks re­
mained relatively constant until November 18. While percent IVDMD in the 
leaves dropped significantly (P<0.01) between October 7 and October 22, 
values remained relatively constant thereafter. Similar data has been re­
ported previously (Martin and Wedin, 1974b). 
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Experiment III 
Analyses for percent IVDMD in grain sorghum stover silage were influ­
enced by drying methods. A significant ensiling X drying method inter­
action is shown in the data in Table 3.3. Stover silage analyzed signifi­
cantly higher in percent IVDMD when lyophilized as compared with silage 
either freeze-ground or forage oven-dried at 70 C. Drying treatments were 
not significantly different in percent IVDMD with green stover. 
Fresh,ensiled,grain forage samples that were subsequently freeze-
ground analyzed significantly (P<0.01) higher in percent IVDMD when com­
pared wtih oven-drying (Danley and Vetter, 1971). Noller et al. (1966) in­
dicated lyophilized green alfalfa and maize forage analyzed higher 
(P<0.01) in percent IVDMD than materials oven-dried. Hence, we would ex­
pect materials freeze-ground and lyophilized to analyze higher in percent 
IVDMD than oven-dried samples. However, this was not the case in our 
study. 
Soluble carbohydrate is lost during oven-drying (Burns et al., 1964; 
Noller et al., 1966; and Danley and Vetter, 1971). Johnson et al. (1971) 
reported that plant parts of bird-resistant grain sorghum analyzed low in 
soluble carbohydrates especially after the milk stage of maturity. Thus, 
it does not seem unreasonable that grain stover analyzed for percent IVDMD 
would not be changed when subject to different methods of drying. 
Our study indicates that IVDMD values of stover silage were higher for 
lyophilized samples, as compared to oven-dried or freeze-ground samples. 
Based on research conducted by Danley and Vetter (1971), we would expect 
higher IVDMD values from freeze-ground silage as compared with silage 
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oven-dried. One possible explanation for no difference in percent IVDMD of 
freeze-ground and oven-dried silage in our study could be due to larger 
particle size of freeze-ground material contrasted to oven-dried materials. 
Oven-dried forage was passed through a Thomas mill whereas freeze-ground 
material was only ground with the Osterizer blender. The data in Experi­
ment I indicate that larger particle size of samples ground with the 
Osterizer may reduce percent IVDMD. Nevertheless, lyophilization minimized 
loss from stover silage as measured by IVDMD. 
In 1972, stover was harvested at pre- and post-frost stages and subse­
quently ensiled. Samples were dried only by lyophilization. The 
ensiling X harvest interaction was significant (P <0.10), but the main ef­
fects of ensiling and harvest were highly significant (P<0.01) 
(Table 3.4). Delaying stover harvest until December resulted in a large 
loss of percent IVDMD in both stover and stover silage samples. However, 
fermentation loss as measured by IVDMD did not occur in the pre-frost har­
vest, while a significant (P <0.01) loss occurred in post-frost harvested 
forage (Table 3.4). Analysis of grain sorghum stover for percent DM at 
each harvest indicated ample moisture required for good fermentation. Even 
though percent IVDMD in silage samples was significantly lower than stover 
samples at post-frost, the percentage-point spread is not large. 
Nevertheless, under the conditions of this experiment, the potential 
for grain sorghum stover for pasture or silage to be fed to beef cows as 
a maintenance ration remains strong. The percent IVDMD of stover and 
stover silage are favorable for beef cow consumption unless harvest is de­
layed past mid-November, under Iowa conditions. 
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Our study also supports the conclusion of Burns et al. (1964) and 
Schmid et al. (1970) that analysis of silage for biochemical constituents 
should not be done on oven-dried material. But analysis of green forage 
such as grain orghum stover for percent IVDMD does not appear to be in­
fluenced by oven-drying at 70 C. 
Conclusions 
Grain sorghum stover and stover silage were analyzed for percent IVDMD 
as influenced by various drying methods (oven-drying, lyophilisation, and 
freeze-grinding). 
Grinding frozen stover samples in dry ice and liquid-N with an 
Osterizer blender must be done with care to minimize particle-size varia­
tion. Under the conditions of this experiment, freeze-grinding was no bet­
ter than oven-drying at 70 C. 
Lyophilization of stover silage samples reflected higher percent IVDMD 
values than oven-drying or freeze-grinding, while essentially no difference 
in percent IVDMD was noted with green stover samples. 
Analyses for IVDMD of stover silage indicated that stover silage har­
vested before mid-November, under the conditions of this experiment, will 
provide an adequate maintenance ration for beef covra in Iowa, 
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Table 3.1. Percent IVDMD in stalks and leaves as 
sample preparation in 1971 
influenced by grinder and 
Sample 
Preparation 
Stalks Leaves 
Osterizer Stein Osterizer Stein 
None 
Mill 
Screen 
47.8 a 52.5 b 
50.9 b 52.6 b 
50.9 b 50.2 ab 
54.2 
57.9 
58.9 
55.9 
55.2 
58.9 
Within stalk columns, means followed by similar letters do not differ 
(P<0.05). 
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Table 3.2. Percent IVDMD of stalks and leaves as influenced by drying 
method and date in 1971 
% IVDMD 
Treatment Stalks Leaves 
Drying Method 
Oven 55.3 
* 
a 50.6 
* 
a 
Freeze-dry 57.9 b 54.8 b 
Harvest^ 
Oct. 7 57.5 b^ 58.7 
* 
b 
Oct. 22 56.8 b 51.7 a 
Nov. 4 58.2 b 50.7 a 
Nov. 18 54.0 a 49.8 a 
Within treatments, means in a column followed by similar letters do 
not differ (P<0.01) 
^Killing frost; October 31 
Within treatments, means in a column followed by similar letters do not 
differ (P <0.05) 
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Table 3.3. Grain sorghum stover before and after ensiling as influenced 
by drying method as measured by percent IVDMD in 1971 
% IVDMD*'^  
Drying Green Silage 
Oven 56.1 b 50.5 a 
Freeze-dry 56.0 b 54.1 b 
Freeze-grind 54.2 b 50.9 a 
Means followed by similar letters do not differ (P<0.01) 
^Means of two IVDMD runs 
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Table 3.4. Grain sorghum stover before and after ensiling as influenced by 
harvest date in 1972 
% DM* % IVDMD* 
Harvest'^ Green Silage Green Silage 
Oct. 6 22.6 a 23.3 a 51.5 c 51.0 c 
Dec. 1 29.3 b 28.6 b 43.7 b 41.7 
Within percent DM or percent IVDMD means followed by letters do not 
do not differ (P <0.01) 
^Killing frost: October 15 
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GENERAL DISCUSSION AiW CONCLUSIONS 
Research was conducted with grain sorghum stover to evaluate changes 
in DH and IVDMD which may occur after grain harvest. Data was reported in 
three âeétions and consisted of results obtained in six experiments. 
In all six experiments, DM yield or percent IVDMD increased during the 
interval between PMG and killing frost. In 1972, grain removal at PMG,when 
compared with no grain removal or grain removal at 25G,was associated with 
higher DM yields in stalks and stover at 7, 14, and 30 DAPMG. This re­
sponse was not observed in 1971, probably because the interval between PMG 
and 25G was three days longer in 1972 and the period between PMG nad 
killing frost was characterized by above-normal rainfall in 1972 as com­
pared to extremely dry conditions in 1971. Fall-N fertilization at PMG or 
25G, when compared with the control (no N), increased DM yields in stalks, 
leaves, and stover as measured at 30 DAPMG in 1971. 
Dry matter yields of stover were 20% and 60% higher for grain sorghum 
grown in 17.8-cm rows as compared to 71.1- and 52.3-cm rows, respectively. 
The 17.8-cm rows lodged severely between December 3 and January 8 and thus, 
no advantage was obtained from narrow-row grain sorghum stover in our 
studies. Harvesting before December or before severe weather conditions 
prevail might alter this outcome in practice. 
Since grain yields were not significantly influenced by grain harvest 
date or row spacing under the conditions of this study, either of these 
agronomic management principles can be used to increase stover DM yield 
without reducing grain yield. Application of fall-N does not appear to 
reflect a large enough response in DM yield to justify its use. 
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However, fall-N fertilization was associated with higher percent IVDMD 
in stover harvested at 28 and 30 DAPMG in 1971 and 1972, respectively. 
Nevertheless, the practical application of this process does not appear 
feasible, especially with the mechanics of accomplishing this practice 
being difficult. 
Grain harvest at PMG, when compared to no grain harvest or grain har­
vest at 25G, reflected higher percent IVDMD in stalks and stover as mea­
sured at a pre-frost harvest. This increase in percent IVDMD was asso­
ciated with a decrease in percent CMC or an increase in cell contents. 
During the period between the pre- and post-frost harvests in 1972, 
percent IVDMD in stalks and stover dropped significantly (P<0.01) below 
that of the stalks and stover at grain harvest. In contrast, percent IVDMD 
in stalks and stover at grain harvest and post-frost were not significantly 
different in 1971. This drop in percent IVDMD of stalks and stover in 
1972 was associated with higher percent cellulose, percent lignin, and per­
cent silica in the stalks and stover as the post-frost harvest is compared 
to that at grain harvest. Values for IVDMD in stalks and stover over the 
entire harvest season were associated with changes in percent cellulose, 
percent lignin, and percent silica. Grain sorghum stalks appear to become 
lignified after frost, but the extent of lignification as well as the role 
of lignification in reducing percent IVDMD was compounded by increases in 
percent silica. Thus, this study indicates that percent acid-detergent 
fiber (ADF) may closely predict the percent IVDMD in stalks and stover of 
grain sorghum. 
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Percent silica in stalks, leaves, and stover was higher in 1972 than 
in 1971. This increase was attributed to different soil and environmental 
conditions in the two years. The higher percent silica in 1972 also ap­
pears to explain the lower percent IVDMD in stalks, leaves, and stover in 
1972 as compared to 1971. Further research into the role of silica in 
soils, plants, and animals is required to better understand the role of 
silica in each. 
Grain sorghum leaves decreased in percent IVDMD after grain harvest in 
each year. These changes in percent IVDMD were not explained by the CWC 
measured in this study. Further research is required in order to under­
stand the limitations of a lower percent IVDMD in grain sorghum leaves 
after grain harvest. 
Grain sorghum stover and stover silage analyzed for percent IVDMD were 
influenced by various drying methods. Lyophilization of stover silage sam­
ples reflected higher percent IVDMD than when samples were oven-dried or 
freeze-ground; while essentially no differece in percent IVDMD was noted 
when all drying methods were used on green stover samples. 
Analysis of IVDMD in stover silage indicates stover silage harvested 
before mid-November, under the conditions of this experiment, will provide 
an adequate maintenance ration for beef cows in Iowa. However, this study 
also indicates that if conditions are acceptable for silica uptake by grain 
sorghum plants, percent IVDMD of grain sorghum stover may be reduced, thus 
increasing the daily requirement of stover for energy to maintain the body 
weight of a beef cow. 
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APPENDIX A; TREATMENT MEANS AVERAGED OVER 
REPLICATES FOR DATA PRESENTED IN SECTION I 
Table A.l. Grain yields (kg/ha) for each treatment, Ames 
1971 1972 
Grain Harvest Grain Harvest 
Fall N (kg/ha) PMG 25G PMG 25G 
0 7430 8680 7770 7650 
50 at PMG 7570 8240 7370 7490 
50 at 25G 8300 8680 7640 8070 
Table A.2. Grain yields (kg/ha) for each treatment, Beaconsfield in 1971 
Plant Population 
Row spacing (cm) Low High 
17.8 
52.3 
71.1 
8890 9540 
9730 10380 
9420 9700 
Table A.3. Dry matter yields (MT/ha) of stover components for each treatment in 1971, Ames 
Grain Harvest 
Control PMG 25G 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
DAPMG 0 PMG 25G 0 PMG 25G 0 PMG 25G 
Stalks 
0 2.8 2.8 2.9 3.0 3.1 3.4 
7 3.4 3.6 3.8 3.9 3.5 3.6 3.4 3.3 4.1 
14 3.5 3.8 3.5 3.8 3.6 3.5 3.8 3.8 3.7 
21 4.4 4.4 4.3 3.9 4.7 4.6 4.5 4.2 3.9 
28 4.0 4.2 4.2 4.0 3.7 4.6 4.0 4.8 4.4 
35 3.6 3.9 4.2 4.1 4.3 4.4 4.2 4.5 3.8 
42 4.6 4.9 4.5 4.3 4.6 4.5 4.3 4.8 4.3 
49 3.9 4.5 4.5 3.8 4.8 4.3 3.8 3.8 4.3 
56 4.1 4.2 3.8 4.2 4.4 4.4 4.1 4.2 3.8 
63 3.2 3.0 3.2 3.6 3.6 3.4 3.2 3.6 3.6 
68 3.2 3.7 3.5 3.9 4.3 4.1 
Leaves 
0 2.2 1.8 1.8 2.1 2.0 2,0 
7 1.7 2.2 1.7 2.0 1.5 1.6 2.1 2.2 2.2 
14 1.9 1.8 1.9 2.1 1.6 2.0 1.9 2.2 1.8 
21 1.8 1.8 1.8 1.5 1.8 1.7 1.8 1.7 1.6 
28 1.7 1.8 1.8 1.4 1.3 1.7 1.7 2.0 1.8 
35 1.3 1.6 2.0 1.6 1.8 1.9 1.8 1.8 1.7 
42 1.9 2.2 
49 1.6 1.8 
56 1.6 1.4 
63 1.6 1.3 
68 1.3 1.5 
0 5.0 4.6 
7 5.1 5.8 
14 5.3 5.6 
21 6.1 6.2 
28 5.6 6.0 
35 4.9 5.6 
42 6.6 7.1 
49 5.5 6.3 
56 5.7 5.6 
63 4.8 4.3 
68 4.4 5.2 
1.8 1.6 1.6 
1.8 1.3 1.5 
1.4 1.3 1.4 
1.6 1.4 1.6 
1.6 
Stover 
4.7 5.1 5.1 
5.5 5.9 5.0 
5.5 5.8 5.2 
6.2 5.5 6.6 
6.0 5.4 5.0 
6.2 5.7 6.0 
6.3 5.8 6.1 
6.3 5.1 6.4 
5.2 5.5 5.8 
4.7 5.0 5.3 
5.2 
1.8 
1.6 
1.2 
1.6 
1.7 
1.4 
1.4 
1.4 
1.5 
2 .0  
1.6 
1.1 
1.5 
1.5 
1.7 
1.5 
1.2 
1.3 
1.6 
5.4 
5.3 
5.4 
6.3 
6.3 
6.4 
6.3 
5.9 
5.6 
5.0 
5.5 
5.6 
6.3 
5.8 
6.1 
6.0 
5.1 
5.5 
4.7 
5.4 
5.4 
6 . 0  
5.9 
6 . 8  
6.4 
6 . 8  
5.4 
5.4 
5.1 
5.8 
6 . 2  
5.6 
5.4 
6.3 
5.5 
6.0 
5.8 
5.0 
5.0 
5.6 
00 
CO 
Table A.4. Dry matter yields (MT/ha) of stover components for each treatment in 1972, Ames 
Grain Harvest 
Control Ptœ 25G 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
DAPMG 0 PMG 25G 0 PMG 25G 0 PMG 25G 
Stalks 
0 , 
7,11 
14 
21 
30 
36 
42 
49 
56 
70 
3.0 
3.5 
3.0 
3.8 
3.1 
3.1 
3.0 
2 .8  
3.4 
3.9 
3.4 
3.8 
2.8 
3.3 
3.2 
2.9 
3.0 
3.9 
3.3 
3.8 
2.9 
3.0 
3.0 
2 . 8  
3.3 
4.0 
4.1 
3.5 
3.4 
3.3 
3.2 
3.3 
3.5 
3.1 
3.3 
4.7 
4.0 
3.8 
3.4 
3.5 
3.9 
3.2 
3.4 
3.3 
3.5 
5.3 
3.7 
4.0 
3.6 
3.8 
3.6 
2 . 8  
3.7 
2.9 
3.9 
3.6 
3.7 
3.3 
3.1 
3.5 
3.1 
3.2 
3.0 
3.3 
3.2 
3.3 
3.2 
3.2 
3.1 
3.0 
3.5 
2 . 8  
3.6 
3.3 
3.8 
3.4 
3.9 
3.4 
2 .8  
3.5 
3.0 
Leaves 
7,11 
14 
21 
30 
36 
42 
49 
56 
70 
1.8 
2 .0  
1.6 
1.8 
1.7 
1.6 
1.6 
1.5 
2 . 2  
2.3 
1.7 
2 . 0  
1.7 
1.8 
1.6 
1.5 
2.1 
2.1 
2 . 0  
2 . 0  
1.5 
1.7 
1.7 
1.6 
2 .0  
2.3 
1.9 
1.7 
2.0 
1.6 
1.8 
1.5 
1.2 
1.3 
2 .0  
2.1 
2 . 0  
1.9 
1.7 
1.7 
1.8 
1.6 
1.3 
1.1 
2 . 2  
2.3 
1.9 
2.C 
1.6 
1.9 
1.8 
1.4 
1.3 
1.1  
2.3 
2.0 
1.8 
1.9 
1.6 
1.8 
1.9 
1.4 
1.0 
2 . 0  
1.8 
1.7 
1.7 
1.6 
1.6 
1.7 
1.4 
1.0 
2 . 2  
1.6 
1.8 
1.6 
1.5 
1.7 
1.6 
1.4 
1.3 
Stover 
0 * 4.7 5.5 5.1 5.3 5.3 
7,11 5.6 6.2 6.0 6.4 6.7 
14 4.6 5.2 5.3 6.0 6.0 
21 5.6 5.8 5.8 5.2 5.6 
30 4.8 4.4 4.4 5.4 5.2 
36 4.7 5.2 4.8 5.1 5.2 
42 4.7 4.8 4.7 5.0 5.7 
49 2.3 4.3 4.5 4.8 4.8 
56 4.7 4.7 
70 4.4 4.4 
*11 DAPMG only applies to grain harvest at 25G. 
5.6 
7.6 
5.6 
6.1 
5.3 
5.7 
5.4 
4.2 
5.1 
4.0 
6.1 
5.6 
5.6 
5.2 
4.8 
5.2 
5.0 
4.7 
4.0 
5.3 
5.1 
5.1 
4.9 
4.9 
4.7 
4.7 
4.9 
3.7 
5.8 
4.9 
5.6 
5.0 
4.4 
5.1 
4.4 
4.9 
4.2 
VD 
O 
Table A.5. Stalk counts for each treatment, Ames 
Grain Harvest 
Control PMG 25G 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
DAPMG 0 PMG 25G 0 PMG 25G 0 PMG 25G 
Stalks/plot 
1971 
0 
7 
14 
21 
28 
35 
42 
49 
56 
63 
68 
32 
32 
37 
39 
32 
28 
35 
31 
29 
32 
31 
38 
32 
33 
35 
34 
31 
35 
34 
36 
30 
30 
33 
35 
32 
37 
34 
38 
33 
32 
31 
32 
32 
33 
33 
35 
30 
34 
34 
35 
29 
34 
30 
31 
30 
33 
37 
25 
31 
37 
38 
31 
32 
33 
28 
31 
32 
32 
34 
33 
31 
33 
29 
33 
35 
32 
32 
34 
34 
34 
35 
33 
34 
34 
34 
35 
33 
36 
34 
29 
30 
39 
32 
40 
33 
34 
34 
33 
31 
31 
32 
33 
36 
1972 
7,11 
14 
21 
30 
19 
19 
20 
18 
18 
21 
20 
18 
19 
16 
19 
19 
20 
18 
17 
19 
20 
23 
18 
22 
21 
23 
19 
20 
18 
19 
18 
18 
19 
17 
21 
20 
20 
19 
19 
21 
19 
19 
21 
18 
17 
19 
36 22 21 19 21 
42 20 20 21 20 
49 21 20 18 21 
56 20 21 21 17 
70 20 19 19 23 
11 DAPMG only applies to grain harvest at 25G. 
20 20 21 18 19 
22 18 20 18 19 
17 16 18 20 18 
19 17 17 22 21 
20 19 19 19 22 
VO 
M 
Table A. 6. Percent DM of stover components for each treatment in 1971, Ames 
Grain Harvest 
Control PMG 25G 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
DAPMG 0 PMG 25G 0 PMG 25G 0 PMG 25G 
Stalks 
0 20.5 20.7 20.6 21.1 20.6 20.5 —— — — 
7 21.4 21.0 22.4 21.6 21.5 21.6 19.4 21.1 20.2 
14 23.1 22.5 21.3 25.1 23.8 23.5 23.5 22.6 23.7 
21 24.4 23.1 23.6 26.8 27.1 25.3 24.1 25.3 24.3 
28 23.2 24.7 24.2 26.6 26.8 26.1 25.2 25.8 24.3 
35 23.2 24.0 23.6 23.2 23.7 23.9 23.0 23.0 22.1 
42 23.6 23.8 23.9 24.3 25.2 23.4 23.9 24.2 23.2 
49 23.3 24.0 24.7 25.1 25.1 25.1 23.3 22.4 23.5 
56 26.7 25.7 26.1 26.1 26.4 26.6 26.4 27.4 25.4 
63 20.4 19.6 20.1 22.2 21.4 21.5 20.3 20.9 20.4 
68 23.4 23.0 24.2 25.4 24.4 24.5 
Leaves 
0 28.2 25.2 28.8 28.2 28.3 28.4 —— mm —' ——- — 
7 33.5 31.8 34.6 31.3 32.0 32.9 30.7 29.9 32.7 
14 35.3 28.3 33.0 36.8 35.1 35.1 32.9 31.1 34.8 
21 34.8 31.6 34.6 36.5 34.7 33.0 33.9 36.1 35.1 
28 36.1 37.2 36.7 42.7 39.4 37.7 41.1 36.8 36.1 
35 44.0 35.5 35.2 37.3 34.4 41.1 42.7 37.6 35.0 
42 41.9 35.6 38.4 42.8 38.8 
49 56.3 55.4 56.6 55.4 51.1 
56 90.6 90.2 87.6 86.1 85.1 
63 52.6 59.1 57.4 59.8 58.4 
68 52.3 56.7 55.9 
Stover 
0 23.3 22.1 23.1 23.5 23.0 
7 24.3 24.0 25.2 24.2 23.8 
14 26.3 27.0 24.3 28.2 26.4 
21 26.6 24.6 26.0 28.9 28.9 
28 26.0 27.4 26.9 29.6 29.1 
35 26.6 26.5 26.4 25.9 26.0 
42 27.0 26.5 26.7 27.5 27.7 
49 28.1 28.6 29.3 28.1 28.6 
56 33.2 31.3 32.0 31.3 31.8 
63 25.5 24.3 25.6 27.1 26.6 
68 27.8 27.8 29.4 
37.4 43.4 37.0 38.2 
53.4 58.1 56.8 54.1 
85.1 89.0 86.0 85.5 
60.1 60.0 48.3 55.2 
56.0 55.8 52.3 
22.9 
24.2 22.5 23.9 23.3 
26.5 26.4 25.1 26.4 
27.0 26.2 27.7 26.7 
28.5 28.5 28.3 26.8 
27.4 26.6 25.9' 24.9 
26.1 29.0 26.9 26.2 
29.5 28.3 27.2 27.6 
31.2 32.1 32.1 31.3 
27.1 25.4 24.9 24.5 
— —  —  30.0 28.5 28.7 
Table A.7. Percent DM of stover components for each treatment in 1972, Ames 
Control 
Fall N (kg/ha) 
50 at 50 at 
DAPMG 0 PMG 25G 0 
Grain Harvest 
PMG 25G 
Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 
PMG 25G 0 PMG 25G 
Stalks 
0 * 18.2 18.2 17.4 18.0 18.6 18.3 — — — —  — — — —  —— 
7,11 18.4 18.6 18.8 20.8 22.3 24.6 19.6 18.4 19.6 
14 18.7 19.0 18.8 20.7 21.2 20.2 18.9 18.6 18.8 
21 20.2 21.4 20.2 21.9 22.2 22.1 21.2 19.9 20.8 
30 17.0 16.4 16.9 18.2 18.6 18.9 17.3 17.1 17.3 
36 21.5 21.9 21.7 21.7 21.7 22.9 21.5 22.4 20.8 
42 17.6 17.1 17.1 17.5 18.8 19.5 17.7 16.8 17.7 
49 17.0 16.3 16.2 17.2 17.4 16.8 16.3 16.4 16.5 
56 — — — —  —— 17.5 18.1 17.9 16.8 16.9 17.2 
70 —™ — — — —  21.7 21.6 20.5 21.7 21.7 21.5 
Leaves 
0 * 31.6 29.4 29.8 29.6 29.0 30.7 1 III — — 
7,11 31.4 32.3 29.2 29.8 29.7 29.8 39.6 38.1 40.6 
14 38.7 44.3 38.8 39.2 36.3 40.8 39.6 38.4 37.8 
21 45.3 44.8 44.9 46.4 40.7 47.3 44.3 47.6 45.4 
30 52.3 54.9 55.6 48.8 50.7 51.0 56.7 56.5 54.4 
36 83.1 84.9 86.4 83.2 81.2 82.6 86.3 82.1 84.8 
42 70.8 67.2 69.1 70.7 71.1 68.2 76.1 74.1 69.4 
49 58.8 62.1 58.1 72.9 57.5 62.3 55.4 64.4 55.1 
56 — — — —  — — — —  — —— 35.0 37.3 33.2 35.7 34.3 37.9 
70 — — — —  ——— — — — —  80.3 72.7 64.2 71.0 75.5 78.6 
Stover 
0 * 21.6 
7,11 21.7 
14 22.8 
21 24.5 
30 22.4 
36 29.1 
42 24.0 
49 22.6 
56 
70 
21.4 20.9 
22.1 21.2 
23.5 23.3 
26.0 25.0 
22.3 22.0 
29.9 29.6 
22.7 23.6 
21.9 22.1 
21.2 21.5 
23.4 24.2 
24.3 24.6 
26.4 26.0 
23.6 23.6 
28.7 28.5 
23.9 24.6 
22.5 22.7 
20.1 21.2 
27.5 25.9 
21.7 
26.0 24.1 
24.4 23.3 
26.9 25.5 
22.8 23.1 
30.0 28.9 
25.5 23.9 
22.3 22.2 
20.2 20.0 
25.0 26.3 
22.8 24.3 
22.9 22.5 
24.8 25.4 
22.6 22.0 
29.5 28.2 
22.9 23.7 
22.2 22.3 
19.7 20.2 
26.5 27.4 
*11 DAPMG only applies to grain harvest at 25G. 
vO 
0 
14 
28 
42 
56 
0 
14 
30 
42 
56 
0 
14 
28 
42 
56 
Percent IVDMD of stover components for each treatment. Âmes 
Grain Harvest 
Control PMG 25G 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
0 PMG 25G 0 PMG 25G 0 PMG 25G 
Stalks 
1971 
59.2 52.7 54.2 54.7 54.5 52.7 ——— ———— 
54.2 53.3 52.1 52.9 51.4 53.0 55.6 53.5 55.7 
53.7 55.6 56.3 52.9 57.1 55.7 52.4 53.5 55.3 
55.2 57.4 57.2 56.3 57.9 57.6 55.7 58.4 54.1 
55.9 57.5 56.8 57.0 57.5 57.9 54.0 57.6 56.0 
1972 
47.8 50.3 48.5 49.1 50.4 49.6 ———— ———— 
48.6 49.1 47.7 54.1 53.6 54.4 48.8 52.8 50.2 
47.2 48.1 48.4 49.3 52.5 55.9 48.2 48.2 47.6 
44.1 42.3 44.8 49.5 49.7 47.5 47.1 45.3 46.6 
— — — —  ———— 45.0 44.6 45.5 41.4 41.3 41.7 
Leaves 
1971 
63.9 63.1 63.1 64.2 63.8 63.0 ———— 
57.2 58.5 56.2 55.5 58.6 58.2 57.4 59.8 59.1 
56.3 59.1 58.1 57.0 59.3 57.9 56.2 59.4 57.6 
52.6 54.7 54.7 51.5 55.2 55.7 53.8 53.6 54.0 
55.9 56.4 55.3 56.8 57.5 55.9 56.6 58.0 56.7 
1972 
0 59.3 59.2 59.0 59.2 58.2 
14 53.8 53.8 55.0 54.4 56.4 
30 50.2 51.6 51.2 50.2 50.5 
42 48.0 49.2 49.8 49.7 49.3 
56 ———— 45.7 47.6 
Stover 
1971 
0 61.2 56.7 57.4 58.6 58.1 
14 55.1 54.9 53.4 53.8 53.7 
28 54.4 56.6 56,8 53.9 57.7 
42 54.4 56.6 56.5 55.0 57.2 
56 55.9 57.3 56.4 57.0 57.5 
1972 
0 52.1 53.7 52.8 52.9 53.3 
14 50.4 50.7 50.4 54.2 54.5 
30 48.3 49.4 49.4 49.7 51.8 
42 45.5 44.6 46.6 49.5 49.6 
56 45.2 45.4 
59.0 — —  
56.0 54.9 55.6 54.8 
50.8 49.9 49.8 50.9 
48.2 49.9 47.2 48.0 
44.6 48.7 47.1 45.2 
56.6 
54.9 56.1 55.7 56.8 
56.3 53.6 58.7 56.0 
57.1 55.2 57.0 54.0 
57.5 54.6 57.6 56.2 
53.2 
55.0 51.0 53.8 51.7 
54.2 48.8 48.8 48.6 
47.7 48.1 46.0 47.1 
45.3 43.6 43.0 42.8 
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Table A.9. Dry matter yields (MT/ha) of stover components for each 
treatment in 1971, Beaconsfield 
Plant Population 
Low High 
Harvest Row spacing (cm) Row spacing (cm) 
Date 17.8 52.3 71.1 17.8 52.3 71.1 
Stalks 
Oct. 2 4.6 2.7 3.5 4.5 2.8 3.8 
Nov. 2 5.8 3.5 4.3 5.1 3.7 4.7 
Dec. 3 4.3 2.7 3.7 4.4 2.7 3.7 
Jan. 8 3.1 3.1 3.5 3.2 
Leaves 
Oct. 2 2.1 1.2 1.7 2.3 1.3 1.9 
Nov. 2 2.0 1.1 1.6 1.9 1.5 1.7 
Dec. 3 1.7 1.0 1.3 1.9 1.2 1.6 
Jan. 8 0.9 1.0 1.1 1.0 
Stover 
Oct. 2 6.7 3.9 5.2 6.8 4.1 5.6 
Nov. 2 7.7 4.7 5.9 7.0 5.2 6.3 
Dec. 3 6.0 3.7 5.0 6.3 3.9 5.3 
Jan. 1 3.9 4.1 4.7 4.3 
APPENDIX B: TREATMENT MEANS AVERAGED OVER REPLICATES FOR DATA PRESENTED IN SECTION II 
Table B.l. Chemical composition of stover components as influenced by grain harvest time and stover 
harvest in 1971 
Stover Harvest 
Stalks 
Grain harvest 
Control PMG 25G 
Leaves 
Grain harvest 
Control PMG 25G 
Stover 
Grain harvest 
Control PMG 25G 
% CWC 
Grain harvest 
Pre-frost 
Post-frost 
71.6 69.1 65.2 59.3 59.7 58.1 67.0 65.5 62.4 
60.5 58.1 60.6 58.1 56.3 58.6 59.8 57.6 60.0 
59.9 61.9 61.8 64.2 64,6 63.8 61.3 62.7 62.4 
% ADF 
Grain harvest 
Pre-frost 
Post-frost 
46.8 45.9 43.4 36.4 36.5 38.2 42.9 42.4 41.4 
40.8 39.0 39.2 40.5 39.2 40.3 40.7 39.0 39.5 
40.7 40.7 41.3 45.2 46.2 45.4 42.2 42.3 42.4 
% Cellulose 
Grain harvest 
Pre-frost 
Post-frost 
35.8 
31.1 
30.0 
35.0 
29.9 
30.6 
33.2 
30.2 
31.0 
24.4 
26.1 
29.2 
24.4 
25.2 
29.5 
25.2 
2 6 . 6  
29.1 
31.4 
29.6 
29.8 
31.0 
28 .6  
30.3 
30.1 
29.1 
30.4 
% Hemicellulose 
Grain harvest 
Pre-frost 
Post-frost 
24.8 
19.8 
19.1 
23.2 
19.2 
21.2 
21.8 
21.3 
20.6 
22.9 
17.6 
19.0 
Grain harvest 
Pre-frost 
Post-frost 
7.6 
6.1 
6.4 
6.9 
5.8 
6 . 6  
6.1 
5.6 
6 . 2  
% Lignin 
4.1 
4.7 
5.7 
% Silica 
Grain harvest 
Pre-frost 
Post-frost 
3.2 
3.4 
4.3 
3.8 
3.2 
3.4 
3.8 
3.1 
3.1 
7.8 
9.6 
10.1 
% Crude Protein 
Grain harvest 
Pre-frost 
Post-frost 
1,8 
2 . 0  
2 , 8  
1.8 
2.3 
2.4 
2.1 
2.1 
2.7 
10.7 
8 . 6  
8.5 
% IVDMD 
Grain harvest 
Pre-frost 
Post-frost 
53.2 
56.5 
55.1 
54.4 
58.5 
55.8 
56.3 
58.5 
53.4 
64.2 
58.2 
50.6 
23.2 
17,1 
18,5 
19.9 
18.3 
18.4 
24.1 
19.1 
19.1 
23.2 
18.6 
20.4 
21.0 
20.5 
20.0 
4.4 
4.6 
6.5 
3.9 
4.4 
5.7 
6.3 
5.7 
6 . 2  
6 . 0  
5.4 
6 . 6  
5.2 
5.3 
6.1 
7.6 
9,1 
9.9 
8 . 8  
9.0 
10.2 
5.0 
5.2 
6 . 2  
5.2 
4.9 
5.3 
5.8 
4.8 
5.6 
10.3 
9.3 
8.5 
9.1 
8 , 8  
8.1 
5.2 
3.9 
4.6 
5.0 
4.2 
4,2 
4.9 
4.1 
4.3 
64.0 
59.1 
50.1 
61.0 
59,2 
50.9 
57.4 
57.0 
53.6 
58.C 58,2 
58,7 58,7 
54.1 52.7 
Table B.2. Chemical composition of stover components as influenced by grain harvest time and stover 
harvest in 1972 
Stalks Leaves Stover 
Grain harvest Grain harvest Grain harvest 
Stover Harvest Control PMG 25G Control PMG 25G Control PMG 25G 
% CWC 
Grain harvest 
Pre-frost 
Post-frost 
68.8 
68.3 
75.5 
68.8 
58.7 
71.1 
65.9 
65.4 
73.3 
52.9 
58.6 
63.4 
52.7 
56.4 
6 2 . 2  
57.3 
58.9 
63.3 
6 2 . 6  
64.8 
r 61.2 
62.9 62.8 
57.9 63.1 
68.8 70.0 
% ADF 
Grain harvest 
Pre-frost 
Post-frost 
48.2 
47.6 
52.1 
47.8 
40.7 
50.3 
45.9 
45.9 
53.4 
37.0 
40.3 
44.0 
37.1 
39.7 
45.8 
39.1 
39.7 
45.8 
43.1 
45.0 
49.3 
43.9 
40.3 
49.1 
43.4 
43.8 
51.1 
% Cellulose 
Grain harvest 
Pre-frost 
Post-frost 
35.4 
34.6 
38.3 
35.2 
29.7 
35.6 
33.4 
33.8 
38.4 
23.8 
24.7 
27.1 
23.8 
24.5 
26.7 
24.2 
24.9 
28.0 
30.9 
31.1 
34.4 
31.0 
28.0 
33.3 
30.0 
30.7 
35.2 
% Hemicellulose 
Grain harvest 
Pre-frost 
Post-frost 
20.6 
20.7 
23.4 
20.9 
18.0 
20.8 
20.0 
19.5 
19.8 
15.8 
18.3 
19.4 
15.6 
16.7 
16.4 
18.2 
19.2 
17.5 
18.7 
19.8 
22.0 
19.0 
17.6 
19.7 
19.4 
19.4 
19.0 
Grain harvest 
Pre-frost 
Post-frost 
7.8 
7.6 
8.2 
7.6 
6 . 2  
9.0 
Grain harvest 
Pre-frost 
Post-frost 
5.0 4.9 
5.3 4.6 
5.6 5.4 
Grain harvest 
Pre-frost 
Post-frost 
3.0 2.7 
2.8 2.9 
3.1 3.5 
Grain harvest 
Pre-frost 
Post-frost 
47.3 
47.4 
42.7 
48.5 
54.4 
45.0 
% Lignin 
6.5 4.1 4.4 4.7 6.4 6,4 5.8 
6.8 5.0 4.6 4.4 6.6 5.6 6.0 
8.9 5.3 6.5 5.7 7.2 8.4 7.9 
% Silica 
5.7 8.9 8.7 10.1 6.5 6.3 7.3 
5.1 10.0 10.5 9.8 7.0 6.6 6.8 
5.8 11.7 12.4 11.7 7.7 7.2 7.6 
% Crude Protein 
2.9 13.4 13.2 12.2 7.0 6.5 6.3 
3.2 12.7 12.8 12.8 6.3 6.2 6.6 
2.9 11.9 11.6 11.4 6.2 5.6 5.6 
% IVDMD 
49.4 58.3 58.5 57.3 51.6 52.2 52.3 
49.5 53.7 55.6 54.7 49.6 54.8 51.3 
41.2 49.0 46.4 47.6 44.9 45.4 43.1 
\ 
\ 
Table B.3. Chemical composition of stover components as influenced by fall N and stover harvest 
in 1971 
Stalks Leaves Stover 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
Stover Harvest 0 PME, 25G 0 PMG 25G 0 PMG 25G 
% CWC 
Grain h .rvest 
Pre-frost 
Post-frost 
68.8  
59.6 
62.1 
69.1 
60.2 
60.5 
68.1 
59.5 
61.0 
58.3 
58.4 
64.5 
59.7 
57.2 
64.9 
59.0 
57.5 
63.3 
64.6 
59.2 
6 2 . 8  
65.5 
59.3 
61.9 
64.9 
58.9 
61.7 
% ADF 
Grain harvest 
Pre-frost 
Post-frost 
45.3 
39.8 
42.3 
45.4 
40.1 
40.8 
45.4 
39.0 
39.7 
36.3 
40.7 
46.7 
37.4 
39.6 
45.2 
37.2 
39.8 
44.9 
41.7 
40,1 
43.6 
42.4 
39.9 
42.1 
42.5 
39.2 
41.2 
% Cellulose 
Grain harvest 
Pre-frost 
Post-frost 
34.8 
30.4 
31.6 
34.6 
31.0 
30.0 
34.6 
29.8 
29.9 
24.3 
26 .6  
29.9 
24.8 
25.4 
29.2 
24.8 
2 6 . 0  
28.7 
30.5 
29.3 
31.1 
30.8 
29.4 
29.8 
31.1 
28.7 
29.6 
% Hemicellulose 
Grain harvest 
Pre-frost 
Post-frost 
23.5 
19.7 
19.8 
23.7 
20.0 
19.7 
22.7 
20.5 
21.3 
22.0 
17.7 
17.8 
22.2 
17.6 
19.6 
21.8 
17.7 
18.5 
22.9 
19.1 
19.2 
23.0 
19.3 
19.8 
22.4 
19,7 
20.5 
% Lignin 
Grain harvest 
Pre-frost 
Post-frost 
6.5 
5.9 
6.8 
7.1 
6 . 0  
6.4 
7.1 
5.6 
6.0 
4.0 
4.5 
6 . 2  
4.5 
4.7 
5.9 
4.0 
4.5 
5.9 
5.4 
5.5 
6.3 
6.1 
5.6 
6.3 
6 .0  
5.3 
6 . 0  
Grain harvest 
Pre-froat 
Post-frost 
3.8 
3.3 
3.6 
3.4 
3.0 
4.3 
3.5 
3.4 
3.5 
% Silica 
7.8 
9.4 
10.5 
8.0 
9.2 
9.8 
8.3 
9.1 
10.0 
5.5 
5.1 
5.7 
5.2 
4.8 
5.9 
5.2 
5.0 
5.4 
Grain harvest 
Pre-frost 
Post-frost 
% Crude Protein 
2.0 2.0 1.7 10.3 9.9 10.0 
1.8 2.3 2.3 8.4 9.1 9.2 
2.1 2.9 3.0 7.6 8.8 8.7 
5.4 
c3.8 
3.7 
5.0 
4.2 
4.6 
4.7 
4.2 
4.8 
Grain harvest 
Pre-frost 
Post-frost 
54.7 
57.7 
53.8 
54.2 
57.5 
55.4 
55.0 
58.2 
55.1 
% IVDMD 
63.6 
59.4 
49.2 
63.2 
59.3 
51.6 
62.4 
57.8 
50.8 
58.3 
58.2 
52.5 
57.7 
58.0 
54.2 
57.6 
58.1 
53.7 
Table B.4 Chemical composition of stover components as influenced by fall N and stover harvest 
in 1972 
Stalks Leaves Stover 
Fall N (kg/ha) Fall N (kg/ha) Fall N (kg/ha) 
50 at 50 at 50 at 50 at 50 at 50 at 
Stover Harvest 0 PMG 25G 0 PMG 25G 0 PMG 25G 
% CWC 
Grain harvest 
Pre-frost 
Post-frost 
68.4 
63.8 
74.6 
66.8  
63.4 
71.1 
68.3 
65.2 
74.2 
54.1 
58.3 
62.9 
54.1 
56.5 
62.7 
54.7 
59.1 
63.2 
63.1 
61.9 
70.9 
62.1 
61.0 
68.3 
63.0 
63.1 
70.9 
7o ADF 
Grain harvest 
Pre-frost 
Post-frost 
47.7 
44.6 
52.0 
46.1 
43.3 
51.8 
48.0 
46.3 
52.0 
37.7 
40.3 
45.5 
47.7 
39.1 
44.6 
37.8 
40.2 
45.5 
44.0 
43.1 
50.0 
43.0 
41.8 
49.5 
44.1 
44.2 
50.0 
% Cellulose 
Grain harvest 
Pre-frost 
Post-frost 
35.3 
32.7 
37.6 
33.5 
31.9 
37.0 
35.2 
33.4 
37.7 
23.7 
24.6 
27.1 
23.6 
24.2 
27.5 
24.3 
25.3 
27.2 
31.0 
30.0 
34.4 
29.9 
29.2 
34.0 
31.0 
30.6 
34.5 
% Hemicellulose 
Grain harvest 
Pre-frost 
Post-frost 
20.7 
19.2 
22.6 
20.6 
20.1 
19.3 
20.2 
18.9 
22.2 
16.4 
18.0 
17.4 
16.4 
17.4 
18.2 
16.8 
18.9 
17.7 
19.1 
18.8 
21.0 
19.1 
19.1 
18.8 
18.9 
18.9 
20.9 
Grain harvest 
Pre-frost 
Post-frost 
7.1 
6.8 
8.5 
7.1 
6 . 2  
9.1 
Grain harvest 
Pre-frost 
Post-frost 
5.2 5.2 
4.8 5.0 
5.6 5.4 
Grain harvest 
Pre-frost 
Post-frost 
2.6 3.1 
2.9 2.8 
3.0 3.1 
Grain harvest 
Pre-frost 
Post-frost 
47.4 
49.9 
42.9 
49.8 
51.1 
42.9 
% Lignin 
7.6 4.7 4.4 4.2 6.2 6.1 6.3 
7.4 4.7 4.5 4.8 6.1 5.6 6.5 
8.5 5.8 5.8 5.9 7.7 8.1 7.7 
% Silica 
5.1 9.1 9.6 9.1 6.6 6.8 6.6 
5.3 10.2 10.0 10.0 6.6 6.7 6.9 
5.7 12.4 11.2 12.2 7.7 7.2 7.6 
% Crude Protein 
2.9 13.2 13.2 12.4 6.5 6.8 6.6 
3.1 12.8 12.8 12.7 6.2 6.3 6.4 
3.3 " 11.5 12.1 11.7 5.6 < 6.0 5.8 
% IVDMD 
48.0 58.9 57.5 57.7 51.7 52.6 51.7 
50.3 54.3 55.0 54.7 51.5 52.4 51.8 
43.0 48.1 48.3 46.5 44.5 44.7 44.1 
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APPENDIX C: TREATMENT MEANS AVERAGED OVER REPLICATES 
FOR DATA PRESENTED IN SECTION III 
Table C.l. Percent IVDMD of stover and stover silage for each treatment in 
1971, run I 
Green Silage 
Grain harvest Grain harvest 
Drying Method Control PMG 25G Control PMG 25G 
oven "54.9 56.0 57.0 51.8 49.3 48.6 
freeze-dried 55.8 56.3 55.8 55.9 54.4 53.4 
freeze-ground 54.2 54.5 56.8 48.7 51.5 51.3 
Table C.2. Percent IVDMD of stover and stover silage for each treatment in 
1971, run II 
Green Silage 
Grain harvest Grain harvest 
Drying Method Control PMG 25G Control PMG 25G 
oven 56.2 55.9 56.8 52.2 50.6 50.5 
freeze-dried 55.6 55.9 56.7 55.4 52.9 52.5 
freeze-ground 49.4 55.0 55.5 50.7 50.9 52.1 
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Table C.3. Percent DM and percent IVDMD of stover and stover silage for 
each treatment in 1972 
Green 
Grain harvest 
Stover Harvest Control PMG 25G 
Silage 
Grain harvest 
Control PMG 25G 
% DM 
Oct. 6 
Dec. 1 
22.9 
28.5 
22 .8  
29.7 
22.3 
29.8 
23.4 
28.7 
23.3 
28 .2  
23.1 
28.9 
% IVDMD 
Oct. 6 
Dec. 1 
51,6 
43.9 
52.1 
43.1 
50.6 
44.0 
50.5 
41.9 
52.0 
40.3 
50.6 
42.8 
